' REPORT OF THE CIVIL AERONAUTICS BOARD

Of the irvestigation of an accident

invelving civil aircraft of the United
“"Stetes XU 16086 which occurred near

Centerviile, Utah, on November 4, 1940,
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I.
CONDUCT OF INVESTI GATI‘O&:

.A:n accldcnt 1nvolv1ng alrcraft NG 18086 whlle operatlng in schedv.'l.ed

e

alr carrier service as Trip 16 of Urited Air Lipes Transport Corporatlon
(herelnaftar refarred to as "United") oceurred in the v:.clmty of Centerv:tlle--a
Utan, on ’ﬁovember 4, 1940 at approximataly 4: 42 &.1, (MST) resultmg in the :'_ -if'

'destructlon of the alrplane and fatal lIlJTlI‘leS to ﬂveryone on board, At

approxmately 9 2., (‘*"SP) on November 4, 1940, personnel of the C:unl Aero- '

3 r

r1aau.t1cs Board. (heremaftor referred to &as the “Board“) recelved notlflcatwn o

tbat Trlp 16 was 1ong overdae at Salt Lak:e City and later on that day re- R

celved deflmte 1nformc~t1c>n tha‘t t‘le trip had net w1th an acczdent

INSPmCTIGN OF THE: WRE;GKAGE

Immedlataly after receiving thzs 1nfc:matmn the Board.* imtzaﬁed an

: * By v:.rtue of Reorganzzatlon Plans Ho. 111 and Yo, IV promulgated by the

: ,Premdent and made effective June 30, 1940, the accident investigation =

function exercised by the Air Safety Board was transferred to the Civil -

- . Aeroneutics Board. Ey the same orders, the Air Safety anri was abohshed.ff

- Since the effective date of the Reorganization Pla.ns, tha Bo'a,rd‘s only

safety functions are accident investigation, the promulgation’ of safety‘

‘Tules, regulations, and standards, and the suspension and revocation of

safaty certificates, It is the function of the Admmistrator of Civil

&eroneutics, an executive officer in the Department of Commercs completel;y._‘

' _mdependent of the Board, to adnlnlster and onforee: the safety rules, -

regulations, =nd standards, in addéition to the function vested in him by -~
$he Civil Aerdnautics Act of esuabllshlng, operatmg, and nmaintaining

- the air navigation facilities on the civil airways, including radio ranges,

radio markers, and cormunication facllltlc.s The Administrator of Civil
Aeronsutics and his staff are refarred. to as the “ClVll Aeronaatlcs '

o .ﬂ.d.m1nlstratmn"

Waile the Civil Aersnautics Doa.rd acts 1ndepend3nt1y of the Secretary of

-Commerce, the Administrator of G;vz.l Aeronautlcs performs his fnnct:zons

'und.er the direction and . supervlslon of the Secretary.
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éiilﬁ’ﬁé'El‘-iii';aafﬁ-’u'Jx'l of the accident in a¢cordance with the provisions of seétihii
'?02(5.) (2) of the Civil Aeronattics Act- of 1938, as amended, Accident. 1nves-
tlgators o’f the Board ‘arrived-in Salt Lake City early on the nor'zing of

'-_"November 5 and" mmedmtely proceeded to the scene of the- acc1dent Upon;

o thelr arritral they took custody of the wreckage and began their 1nspect10n

_;»....

The record. sh{ms tha.t weaﬂ*er conditiotis' in the Salt Lake area Prevent .

any search for ‘the alrplane over the higher terrain until about 9 a.m, on.

_ovem'.ber 4 'I‘he wreczcage was mghte:l from the air at about 10: 35 a.m.

gro'und ‘crews were inmedlately Gl‘Eal'llZGd and dispatched to the. scene of the,_____:‘
-'i‘_acmd.ent From the time of the’ arrwal of the first person at the acene c:f

;_the a.ccld.ent unt11 the arnval of the "Joard's :mve itigators, the wrec;:a.ge.iml

- 5:.,1111{131' _constant guard. by, pu'blic off:.c:ta.a.s. '\"11113:3 ‘A, McIlralth the 130‘@!11

8 .ot Gentervﬂle Utah arnved at the scene of: the acciflent at '-'pEr",g

-aj‘p.m., Nevember 4 1940 and wasrthe first to arrlve the

of gnard,mr the mreckawe. Th,e;y f'iamtameu constantg p'ua:c\a untll the arri

of"he Eaa:rd‘s imrestlr*ators. _ Before leaving tnc—: scene of the- accldent on

‘Qvemher 5 the Board s investlgators empl. oyed a.s gp,ards severa]. (ieputy

,._ffs Of ovis. Co‘untv. _ ‘l’he d.bp vy sher] i7fs remained on guard-.canst&ntijr:f-,

i-"'ﬁhe '«.ret.ka&e nqd been care"h 1:.? examined by the 7ep“esantaﬁives Of t,&ze

aax:d and the cond:.tmn ‘of a.ll 'DL..I'tS of . the alrplanc had been ascertalneﬂ..

.mr& _a&equate 1nspect10n mlght be nada of them.
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of the Boa,rd, or by one of the deputy «sheriffs who had been emnloyed by th

Board, to guard the wreckage. The 1nspection of all parts of the alrcraft wa.g‘;!f.%:__

completed. by the Board. on November i5, 1940 a,nd. aircrai‘t NG 16086 was re— ';;-,;f;

e le,ased to Unlt_gd on _that day«

PUBLIC HEARING *

In connection with the: investigation'of the acc:.dent ‘A pubhc hearmg

fif-'was held in’ Salt Lake City, Utah, beginmng ‘on’ IIovember 12- ami contmuing

" _ -thraugh November 24, 1940, G, Grant Masbh’-;ii'J T, ',"'on'e*f of'f the‘-fit;‘réfﬁe;ahérs

‘{-.:"f;{'-the Beard ‘was'designated by the ‘Board. a8’ ?resmmg Exammer and S, G Tiptan,.
: '.’F?-iA.ss:Lstant General Cou:asel of - the Boaré wae d331gnated by the: Board: as’ AsK

="1=_-511_': ma’te Examxner. !I'hey ‘were ass1sted by Jerome Leﬂerer, Dzrector of the Saf )

for the purnose c:f thls 1nvest1gatlon

_-..._-___..._._._..._..._._._......._-..—-—-———-. i ——--.-——-—--’-—

. . Studebaker 'now emp}.oyed by Anerlcan Export Alrllnes a;s Chief of ;
. munications, h,"‘S ‘been engaged in aviation radio work since 1917, . Fro

- U19R7 o 1919 he” served with the United States Navy aa’ radm electrlclan
s Ine 1919 he entered: the service:of the United States. Army 4ir Corps as . o
S radis” engincer and during his service partlclpated. in the development . of
- the padio renge as. an air navigation. facility,  -From-1930 to.1935 Mr. _'
Co Stndebaker actea as radio erngineer for Anerican Airlines, from 1935 to-

. .-1937 as communications superviscr for.Chicago and Southern A.irlznes, anﬁ
" from 193'? unti “his employment in 1939 with American Export Airlines, was
o emPl"' red .5by._th' Buresu of  Air Commerce and the Civil Aergnaubics Authori
. an’gir earrier’ 1nspector-—radlo.- This from 1919 until the present
" Mr. Studebaker hss had experience with the radio renge both from the s
P nt o the &To d equipment and also the use of i:he range m f11ght

acxhty. . - G S

sexved in various capamta.es as & radio engmeer since-
.":«*1 ‘he wig employed by the Radio: Gorporation of Amsrica and
938" _employed by United Air Lines as a radio englneer #n
ormdnieations engineer,  Prom’ ﬁcﬁober, 1938, ~ntil May, 1940,
rved with the former Air Safety Board as & radio expert, ani ot
! ;iresenﬁ time ith tHe Raﬁio Corporatlon ofr ) o
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In accordance w1th 1ts palicy of cooperdtlon with State govemments,

' wch»aré!, granted tor:;the Utah State Aeronautics Coxnmlssion the opportumty to

particlpate in the heari.ng. . W}nle, due to 1llness, the Chairnan of the ccm

':.'_MSSIOII, Mr. W, D. Hanmcnd.; "&nable to attend any of the sessioqs, an

- Geor'ge A.bbot;t_ appeared. e-.t Wly one session, the Vice Chairman of the Comialj

mn, Mr. reston G Paterm, apd the Director of the Commission, Mr. Jsse 3

_ergin, were present at altmat all sessions of the hearing and partic“
tthe questioning of witnesses. |
| : _All the evidence ava:.}.&ha.e 40 the Board at that tine was presented a
'."_4,.1-'th.e haarmg‘_ One h'un&red #nd thirty-seven exhibits were introduced. and
. ..::seventy«elght w:.tnesses testiﬂud in¢luding personnel of United, ths Umted
:Weathar Burea:x;,_. tha ?Iar Department the Civil Aeronautics. .&dmini

,_kerenautics Board. and: other experts in:the Var:l,o‘u
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fovestigation mary. sugsestions vere submitted to the Poard and all have besn
earefully considered, ;- - | | BT
| Upon the basis of .all the evidence avalla.ble to. 1t at thls tlme tne
Boardherawn.th Tiplkes i‘t_s report in accordarce wzth tue prova.sions ef the ini? '
_ﬁrér“%l?-@u.’frigs Acks

| I,

SUMMARY AND ANALYSIS OF EVIDENCE

A..R GARRI
Uniﬁed, a Del ﬂare carporatmn, ‘was rmerat*ng a.t the tme of the accl-

~_c.ent as an alr cery 1er unsiez:‘ 8 Mﬁiaat& n:t’ m,.blm comremence and. necess;ta'

San' Fram:lsco arid Sacramantc Callfornla, a.nd. Reno and m.lca Nevada
| | | | '“IIGHTP sozmm R |
: -‘ O-n tbe ﬂlght in questlo*l, the 11 ht crow cons:tsted of ﬁaptain.ﬂotvaré ;*.
Fey and “'11‘313 Offlcer Thcr:as = Sard.egren..“_. Y PR .

The record snows that. Capta:.n Fey, wha at- the tme of the accluent held

a.irline trax:sport yxlot ceruiflcate No. 4563 had accumulated a total bf

ours flylng tme of w‘zich 2 160 hours were 'n I’oué'la,s D"‘—s type alr- ‘

He reces.ved h:.s fllght tra,mzng in the Unitsd States Ar*ﬂy Air Gorps‘

23 amiw served .m the ;u‘my from 1983 I}I‘tll 1928 Shortly af ter leav:thg

ray he secured a Federal transport pllet certlfzcate and began has e
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Vi e' as an a.1r11ne transport pilot with the Maddux AiT Lines, Log’ .nazgel

Cahfornla. He' had served as a ceptain with United and its predecesssy ga

pa,nies smce Ja.nuary 17 1950 Captain Fey operated in and out of Sa.}.'t' Lake

_tyi durlng::_:the entire period of his service with United and its’ predeae
::'companles hanrg ﬂawn from Portland Oregon, to Salt Take City mtll Har
.19:38 and. from O&Iand Callfornla. to Salt Lake City from March 1, 1938’? antil

-:':'_.the date of the accident

_-_":Captam Fey haﬁ lagged clurmg hxs flymg experience apﬂronma,tely 4

s of mstrmaent fll%ht tima.l I:Ie had. recelved & routlne fllght chec}r tmd&!

. "s.mulated instrument cnndltions on: over.aer 2 1940 and the check pilot re—
ve ' umier co"xpany gractice. Two pllots whc had

.st:mment p:.iot o L L . o
11. Fey‘s iast physical examination requa.red by the Civil .&i‘
was ta‘;cen on }‘a;y 24 1940 anf‘ showed him to be in a satzsfelxéto"
1 ...cﬁndxtiOﬁ. In addltmr, m accerisnce mth t‘qe establzshaa pr ed

d_ he had heen suh,jected to ) t‘“ﬁrough ph,;s:wal examination ’by

ic}n"Bl.BErE to taka a; nrescri%;atl ;ohysical eXammatmn every 812
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' - employed by Umted as First Officer on June 7, 1937, shortl,,f after. leaving

;the Army,.--A short time prior to the: accndent he . ha.d been prcmotec._ fr"m Fi*‘st
. officer to Gaptam and had f_Lown 28 Captaln for approxlmetely 27 hours

A First Officer Sa.nd_egren kad logged ap nrcmmately 155 hom-s cf instrument :

L flight time: and kad been given a fl_lght_ ..;c;hec_;k-unde*;'. . slmulat_,a:gl;1n§§;:$gme-nt_-,€=__o-
| __,&it_idns by a company check pilot on June i(_),: 194_0_; He alsc.had:_ﬁééi}'_ratei-_h&"

' the ‘check pilot.as "gtsndardh,

. 5.First. Officer Sandegren had taken .the physical 'e_ﬁéﬁmiha#;i@; :c;e:_q*a;;ired by

© v the Civil Afr Reé-i‘ilatiqn-s: on May 31, 194?, and the corpany physical- eia‘miné\f
~+tlon of March 11, 1940, both of which indicated that ke wee in sabisfactory
phys:tcal condition, . 3

Thus 1t anpea.rs fro-- the- evi enua;.'tha"' both CaP‘Gu n fev and __hrst-‘ﬁffi

"'.-,‘;.1ne pllots in hot‘} 1nstrume,n1; ancl cantact -Anerataon

ﬁﬁpi.;m EQL'IP
The alrﬂla,..a mvoh ﬂd in the accs,d.ent alrc"aft 1\?" lGOBS,was a Dﬁuglas
0“5.&, Serlal J.To 1925 : It was m‘ﬁwtwe bv the }Joué;las .iurcrai't Corpora- '- .

o tion uf Santa Heonica w.der app:' ved type ce;tlfzcate IIo.,SSQ and Was dels.vareé

to Umted bJ the mamna,cturer on 433 ma:'y 4 193'?.-:.; The alrlane had accunu-

.—.-lated._a tctal of approx:.mately 8 694 b,ox'rs ef f}.:te;ht t:me. It was equlppei

th two Prat'}; and. h’hltney tw1n Wpsp S" C:.’m- eng 1n=>s rc,tec. at }..L(}O h p. each,_
lef engm ,' Scrlql o. 1508 hau accmmlated a t bal of a‘ﬁaut 3 653 haurs.;

“and. the rzght engine, sarlal 1%’0._1534, a8 total of abnut 4; 00’? haurs. “‘he

Elgines'ware equipped with Eamllton stanaaré. hydromatlc. constant spee&, b
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rt'eathermg nro:gellers. . T rfi;f—ht Propeller hub had - aceunulated :

'471 nours ane. each of the blades sbout 1 ,135 hours. Thei‘eft pro-

'Ehe .radlo Equmment mstalled in

radi.e range re ers (VALY ES-198) a A
-recgiver (’.festern Electnc type 12--A
.ftype AVR-’?A. medlfiea) which could be u

'fcaption on the compa.ny cifcuit, and an ultra~kigh frequenicy’ marker re ver

(Westem Electric type 2‘?-—3\, nodlfied) Alss installed in the a.irplans vera

Lso ..ith a, legp antenna.- ‘Head 1"hmz,ws ami mlcrop.‘ones were p

o and. by Unlted. In s.dditlon th° elrpla.ne wa,s equippe.

5 ,_one for the Flrst Offxcer and two f T
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At the time of the accident, aireraft NC 16086, equipped as aboﬁe de—
: ééri'ﬁed,’-held.a éufr'e’ntl,,v'effe'ctive-airwort iiness certifi c' t&: which authorlze‘
" the transportat jon of 21 passengers and z crew of four and tie -operatioa:.qf
“Ithe a}.rplane at a standaré gross weight of 24,400 pounds and a pI‘OVlBlOBal
“gro&s weight of 25,200 psunds.. Co S A
It appeavs from the recsrd that .-the airplane and its. equipment - hadre— |
ceived ths overhanls, i‘ﬁs;}e.ctions, and ghecl-ﬁs which are pr’ov’ide:df for i—!l-_"rc':i:'o.ui-i-.
'_"f-p"ér'ly"-pf'aétice-and approved by the Civil' Aerdnautics ?Aéminié-t?ratiozf,  Thg
;";"iv-iziés'-,'- fuselage, and center section are required fo bé_' cvéz.‘ii_aﬂied-&a,f or'béforg
“the completicn of each 5,000 hours of flight time and "si engine o'%.rérhaﬁi ig: |

required at or defors the completion of sach 625 hours, The empennage, ‘lafid~

ing gear, wheels, drakes, tail w;:cel ussc,.a:.’,‘. 5 Wclles control system

S hydraulic’ systes, e‘lebt 1'1631 Cawebany ai'-z"_é'féf ﬁ Cac ées;séri‘és s engiﬁe., "a‘t‘:c'e_ ss_o .

Cipropellérs, alrcraft enaings, éngine ‘fnstrume ’;s,-f'ix'ed"piaﬁéf--ré.dib'_eqﬁipmég

ireﬁ o' 'be oVer—

|43_w.

fuel E5d- 51l systein, and oil tanks "ané"lines"-aré all T3
h%ﬁlea"ét Sacki engine overhanl (625 hours fll_a-t time) [ A:rc:raft ‘TG 16686

-1 uad accumulated’ about 2,299 heurs since the 1ast overtaut of t‘qe Wlngs, fuse-;_ L
: '1ag'e' and cexnter -séction, end had e '-'aulateo‘. about 520 hours sfhce the las‘t;
;—'.irf'.d‘wiei-ﬁguj_’- of the engines, propellers, and other parts and 'equlpment

Inac..dltlon totneoverra-ﬁ.s descrited aovs,” the urwlane and 1t§ eq’ulp' ;7.
f_'-ﬁsénﬁ 1s asa 'ﬁaii'ﬁ'éi" of practice, given other 'rciﬁtir;e‘ periodic imspections
anﬁ_checg;s. Unlted rcquires t‘nree tynes éf “.snectlz)ns, The niﬁm‘éez{ 613,5"‘11{.;:

f SPECtiGn 15 :;erely a v1sua1 mspectlon of thv alrnlaue and 1ts eaulpment g:wez L

at servme statlnns alor.g the rhute As tbe trlp propresses. The mumber t-WO

heck ls a.n ins;aectlon w‘nch is rerformea after sach .a5 to 40 hours of fl:r.g_;ht s

tlme. i It__ co,.-51st_s-'.0£: uncowling and ‘inépecting the engine and 1_n_spect_ing" the
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: &irplane énd- gt-.s.component parts, . There.are no accessories changed. at this
| time unless they are found to be malfunctioning, The number. thres check is
;--pe’rformed- af ter about. 100- %o 195 ‘hours of flight time and in addit'ion t.o-all |
R .the work which ig requirea o be done in the number ocne and number two. checks,:
«‘-‘;-'ha-els are removed, dmassemblefl _-*md inspected, fl‘mr,bﬂardsars remn_ygdg
"'ﬁ'oﬁ.the companionvay, and thexcentro.l cables are.inspected, The'reccz)r&:daﬁ—irr-
f"':;,'_:tams reporhs: of all the checks which were nade of aircraft NG 16085 dmng i
"."'f_the last 95 houra preceding the accident, From these records it appea.rs tha!‘.

» ..:all of the r;quired inspect ions and checks ware made and that only a few

g "fminor deficiepcies were noted and those were promptly remedied,

o;\eration of the aircraft, eng:,z‘es, mstruments, and rad.1o. The recer& in—-

uﬁ.es trip 1.038 for the last ten triﬂa made by C 16086 and they contain C
only & few mmor criticisns nmade by the pilots on the cperation of the enginesr
and:it a;:pea:es that the necessary adjustments to eliminate these d.efimencies

Yo cr:ticisms were made of the performance of the ai:u-——'-”

: .fram al""" the evidenee availa‘blﬁ to us, we f 1116. that the airpl



o and its equipment had been properly maintamed and were in a.n alrworthy cc&-

‘as 4 hours and 9 minutes. Capta_,:tn Fey a,n_tl_cmated, contact fl_lght frpm_-_ Qa.l;_l_

‘do Reno with northwesterly winds of about 10 to 12 niles per hoﬁr--at i‘light g

---was ieslgn;»tEG. as.an alternate f;l.eld for Salt Lake clty in accordame :

~"-'§'atcher at Oaxland; to Reno I\ievada. in accordance with comna.ny ;):rocedure. T

S

T e

 November 3.
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dltlon at t"le time of the ta&e—-of: from Oakland for Salt La,{e Clty on L

HISTORY OF TEE FLIGHT
The flight plian prepared for Trip 16 ‘oy Gaptam Fey at Oakland ancl signed

by him, Flrst Off icer Sendegren, emd Ph111p Showalter. United d.:.spatcher at ‘;f;'r_

Oakla.nd provmed for a fllght from Oakland to Salt Lake Clt-,f wa.th stops at
‘8an Francisco and Sacrameuto, C&ifornla. and Reno and Elko, }\eva)da He est

mated the total time’ from Qekiand to Salt La:ze Glty. mcludmg taxiing ti.me,

a.lt}.tudes* and an instrument fllght *‘rom Reno to Sa}.t Lake C:.ty w1th a west-_f
wind. from 18 to 22 mlles per hour a.t fllﬂ"ht a.lt1tudes. In v1ew 'of- tha.-rfac

that mstrument weetb,er condihons prevalled. at Sn.lt Lake Clﬁy, Wendc'srer Utj'_

the a.ppllcable prov:.s:.ous o: t.he Cwﬂ. Alr Pegnlatio,- . |

“Trip 16. departed Oakland at. lO 80 P m (MST*) cleared b" the Uzu

fllgnu nroceedﬂa :1thox_t 1:!.c1dent to "ie*m, departiag from thpt pomt at 1‘ OG_.Z_;':
a.m,, cleared to Salt Tnke CitJ bv United.‘ s S'ﬂ,t Lake Cd:.y alspatchea’ T‘ne e
12 "‘5 c-...m' sequsnce weat.ler renorts were avauable at ‘Qeno at the tme “‘r:.p 16 :

%s dlspatc-led and were attt ched to the company cle r‘mce -f‘orm _ Ehese repqrt_s_

ahowea tnat at 17‘]. xo twe cel1 1ng Was *arlmlted Wlt‘l Scatt"r °‘1 910‘*‘15 at 3500

A“'..V‘entosa, 1\? v-w:la and ?Ien&over, Utuh :

1ereafter all references to tme wﬂl e
3 '_-i'ences to alt:ttde will be in terms

feet and v131b1? 1ty over 9 mlles. :

* Unless t‘meﬁcontrary is 3.‘10.10:,1:3:1-_
1o '\iozmtam Stanaard Tme end a
cf feet a.hove ‘mean., sea 1eval,.-




~13-

_ report for Salt Lake Gity wag probp‘bly available a.nd in ad&:.ticn, a nmnbef
iof special reports whmh Lad been f:tled. between the- regular 12:35" a.u‘. and
1z 35 a.::i. sequeﬁces.' Thase reports shcwed light’ T moderate show at- Salt Lake
:.'_ﬁ-ity w:.th axtrewely varlable celliﬂg and vis:ubihty. At 12 50 a.m.. Salt Lake

: reyorted a snow ceillng of ‘00 feet and vis*bllaty of 1/3 nile, at 12 58 a

",-snow celllng of 1000 feet and v151bility of 2 miles, a.t 1:02. & sa0W celhng -

of 500 fegt and v1sibllity of 1/3 rile, et 1:20 & show ceilmb of 1000 feet

-Tani VlSlbla.lt}’ of 3 mlles and at 1: 5.: & snow ceiling cf 1000 feet a.nd. visi— '_

Y _bllity of 3 v:ules.' These reports indlcaﬁed that there was little wind on” the

B _,g—;roun‘. at sm, Lake Gi’by.

The re*namder of the hist-::ry of Trip 16 fmm the time 1t ﬁ.epa,rted Elko

ai". 2.32 &m0, untll 1t or: «.qhad at 4 42l a.m. st ’be gathered for the Wt

: part from the redio log shﬂwing the contacts ;maue between the flight

"fof ’.T.‘rip 16 and Um.ted graund statmns and. the carcl taken f:ron the fllght o

'_;,cerder** mstalled. in the tail of the a1rplane,3 "‘ha log s‘wws that at _2 53.

-Dn th@ Airway Traffic Confrol Center et Salt Lake clty ﬂeared Trip 15

,V-from_ﬂendover tG tl’le Salt Lake Gzty Alrgort control tower ami des:.gnated the

tnp' a., No. 1te &gproach **% Trom tha.t tme antil 3:20 a.n .,‘Umtedls Salt

: :_--—'--—---.__——_._..-.- A ——— i s S —--gu-uu——..__.,-_..—q-—*-q —--s—c-q --u-n——«-n—-—.—--;—--.n

I_i_ad:to logs showmg conx _iunicatmns pe“tammg to Trip lo and other fh?hts

are- contamed in ‘Appendiz B ‘which may be necured, ‘if desired, upon. re-. L
:quest direct to the Punlic Informtlon Sectmn, Giv:.l Aeronautlcs Boa.rd
- Wdsh ;ngton I) N o ' .

altitudes it whzch ‘the. airplane fli __ 'the tmes b whmh a. radio trans-_
pitter is used a;nd the. permds during whwh the automatic pilot is baemg
ed, i

: Te " suck ; -p' wmﬂ.d'- be a}; é_'to begin an app" aah
ely ‘upon arr;wa" over tha Salt Lake City Station and would mot =
:to a:wait the coupletion of an approax:h and land:mg by any othez‘ ai:‘u-

*
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ake: City grovnd'_statlon 9ttempted to co’ltact Tl‘lp 16 in order to

tl’vzs clearance Vbut wa.;, undbls ta d.o so. At 3 20 a. *1. R Umted's e'round.

',.w-‘.‘

statlon at Sa.crame 11;0 a.d.visad. th_'_'graumi stat:.on at ”JlkO, whmh in turn re—-—'-_ :

{ orted to Salt I.ake Clty, that Trlp 16 wished to be called on d.ay _fre ue X *_

Gonse’quen‘t*y, aalt La}ce C:Ltv tvleﬂ tf "antact .!.I'lp 16 on da,f frequency bk

=,_wa.:s 'u.nall‘. to dc so. I(‘n.:ﬂ. ’ at 3 25 a.m., I’lrst O“'ficer oandegren of

TriP 15 Calied Salt Lake Clty and mqmred as to whether Salt; La.ke Cit had.
recewed. Tmp 16‘3 P.epdover re"\ort ' Salt akﬂ Clty repllea that they ‘had not:f'r_"

-hecause of sL.ow sta.tlc. Flrs’s Ofucar Sandegren then stated that i:.hey :

R passed over weﬂ.dover at 33 0‘? B, and. that they psh maued arrwal over Sa}.t :

','Iaake Cl+~' at 3 40 a.m. He repc)rted that they hacl the 3 20 a.m. weather re- S

ad 'on'ly at mght wlu}.e othﬁrs a.r ' n



- 15 -

13:43 AM -~ Fey, Trip 16, to Salt Lake City: 1'Over the Salt Lake

- Range Station.at -3:40,.. What!s the weather?! Dlspatch»r Edson, Salt

- . Leke - City, to. Trlp 16 lThe last wea,ther ‘report gave ceiling 1300

feet, overcast, v151b111ty 8 miles with light snow, The -Saltair beacon
is visible but low clouds or smoke in the West and Southwest,  Condi-
“tions are still good -north of field.! Fey,.Trip 16, to Salt Lake Lity:
"What was that special weather report we heard a.1little while ago which
reported visibility 5/8 of & milet! Edson: 'That was not Salt Lake, -
We can see the Saltair beacon,'™. Fey:: -'We-arg over the fisld at 13,000
feet,' Edson: '0K, The thing to.watch:is this. low drifting stuff to
the west end southwest. of the field.! Fe,;, Trip- 10, acknowledged

) “3 % .AM - Sa.lt Lax:e C:.ty to Trlp 16'7 "Ara you at 13,000 feet or = - |
at 11 ,000 feet?! Tey, Trip 16:; 'We are still at 13,000 feet We are.
. on. top. Salt Lake C:Lty a,cknnwledged g : R

LICH 48 AM - Salt La&e City %o f“rlp 16. "‘J.’ha w:.nd on the f:l.eld is
calm,  You ‘may land south on the .conerete rumway.! Fey, Trip 16: I
can hear you but can't read you, .- Will call later.! Salt-Lake City
acknowledged, : - o S . o

"4:01 AM -~ Pey, Trip 16, to Salt Lake City: !Go ahead now. !
Salt Lake City repeated the landing instructions, Fey, Trip 16: I0n
top again 14,000 feet, .There is-zrn awful lot of static in here, We.
are going to try to come in again, Will be over the range pretty

- soon,! .Salt Lake-:City acknowledged, Fey, Prip 16: ‘!'Repeat, Salt .
Lake,? Salt Lake: - 'Just DK'd your report V- Fey, Trip 16% ‘OK We
have heavy static, ! : . R T

14:01 AM - Airways Praffic Control to’ Salt Lake Glty. 'Advlse :
‘I.‘rip 16 that if he misses his second attempt to try his third attempt
from 7,000 feet on the north leg or c¢limo to 13,000 feet on the west . _
leg of the Salt Lake Range.! This message relayed to Trip 16 and ac—' e
knowle;dged '

- g 03 AM - Fey, Trip 16: 'We were over the Range Station a,t 14 000_'
feet at 4:00 A¥, Just in the tops of the clouds. Salt Take City ae—- |
knowledged I o

"4105 AM ~ Dispatcher Edson to Trip 16: 'Amother snow flurry
‘moving in from the north, . The visibility to the _north_ is aboul one -
nile.t? "No answer, ' ' '

"4y 10 .AM LUnited*s rad:.o 0perator noted] 'Sncw statlc !

. "4:10 to 4311 AM-- ﬁ.dson to Tm;; 16- 'Weather Bureau has a speblal':‘-':i‘._
_weather report: ceillng 900 feet, light snow, visibility 3 mJ.les but

At T e . s e e
N - - —,—.-—q-q_....-__-—,_._,_......_...-....-...-,—.-.--A—__-..-—_-—__d..nn_-e_—»-_._._u._—_,..___‘......____._‘..-.._,__.._____..._._.

e . See :fqb_t_ri_at ¢ page ,'3_,_7':1;
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it appears much poorer to me. The Vrsm'llity* fs about . ore mile«» go :i"
abead, ! -No answer,. Salt Lake 01 y groun:l St&tlon called 'l‘:t‘lp 16 339

"4 12 AM_ Lt; u;—:ms_?i-adio oi)ezjatcr nét-éd_s?- !Heavjr_'s'now rsta{:igf’

R ,‘ “4'23 AM to 4 26 AM - Salt Lake Glty to Trip 16:  ¥he vigi~. 7
“bility southwest is only about ‘1/2-mile ¥o answer, - Salt Lake -
o 0dty o Trip l6:. <'Do you readf ' Dmﬂatche'i‘ Edson to Trip-16:- "?isa—
o .'_bihty about 2 miles to the north, Can see the pangre Station. plalnlx
“igastturmned the” lis-'hts out southwest of the field, 'Think we have -
-~ ghod* visibility.! Fey, Trip-16: 'Lots olf'static at-times, Fire all
- over ‘things and cen't hdar the range. [Foy refers to what is kmown® -
- as "St, Elme's fire', a forn of static elsctricity and not harmful ‘!:G
@ airplanes,/ . I don't kmow whether we can get in of Rot.Unless we cam.
o pick:up the field w111 ‘have to get out of heére,t Salt Lske City: ‘Qi;
¢ what altitude are ‘you at now?! Pey, Trip-16: !We are still on- oD -
at 14,000 feet.! Salt Lake City acknowledged, [At the hearing ms—

_ patcher Edson testified t‘lat at 4 26 AM he hec.rd Trip 16 pass over or
"-'-near the alrport] : ,

= “4 30 AM -~ aurways Trafflc Gontrm. to Salt La&e Gity. : ’Trl‘p 15' )
is cleared to proceed from Salt Lake City to Elko airport.:’ He i
‘ ise' at 13,000 feet, ¥o essential traffic has beén renorted ‘Have'-
Trip-16:keep us advised,! [Dispatcher Edson had Tagueste A
for Trlp 16 to return from Salt Lake city to E]JcoJ

U Mei31 A - Salt Lake Clty callad Trip 16, Yo atiswer,
Way 3:3 AM - Salt Lake Glty called Trip . 16 1?6 aiaswei-.

: "4"’7 !.H - Salt Lake City to Tnp 16: 'DD you ruad?‘ ...c‘.son f-o L
5 "I‘rlp 15 Yanother snow flurry in here now, Vigibility one mlle or a’
o little 1ess and Trip 11 is-estinated over Salt Laks at 4:147 A at - .
14,500 feet, -If you are unable to make your approach we Want you to
rcturn to Elb,' We will have ‘I‘rlp 11 g0 to Elko and- ad,)ust the carg{:.
- Fey, Trip 16: 10K, we are on the north leg [of the Salt Lake Gity -
= redio rangj at- g, 030 feet and there are bresks in the clouds oub
‘here, It is quite a o1t thinper, -Think we can comé down guf here ani
follow the lake in if you want us to do. it. that way,! Edson: 'OK =...
-:=I£‘ you want ‘to do it that way, ¥ill keep you advised, I cannet see -
ange station, I can faintly see the north toundary lights.' Tey ac—
knowledged, /A recording of this redio conversation was being made an
an,autamatlc recording machine which was''in -operation inthe ‘Jmteé
atch office in Onkland, Califoraia, -The record made rev
hc—;__opera.tcr at S5alt Lake City did.mot. copy the:above. conversaimn T
verbatin, The recoraing shows that Edsen's acknowledgment was:
OK : q ccntmue your. ap}‘e‘roach Eoward. I mll keep ¥ ; i
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n4:40 AM — Fey, Trip 16: - 'We are over Layton at 8,000 feet now.?
Bdsont 0K, Howard, The wind is north sbout 3 and stllj. think it s
" OK to land straight in, ' Pey: 'The stui‘f is broken out here much
better,' Edson: '0K, Howard,! ' .
‘ Cn4:4] AM - Edson, Salt Lske City fo Fey: !The north bou.ndary
lights now obscured, The visibility a‘bout 3/4 of a nile but very
' variable'.' Fey ac::nowledged u ’
) ) Dlspatcher n.dson atnemp’ced mary times thereafter to. contact Tmp 16 but '
"no further word was recelved from the trip, During the hour that -TI‘:EP' 16 wa’s o
flymg in the v1civ11ty of Salt Lake City, the reports of weather observatlons
‘made by United States Weather Bureau observers in Salt Lake City 1nchca‘be
- that the ceiling and visibility were highl’y va"ria‘ole-by reason of fr’équént." L
“snow squalls. The weathar reports show that at 3:104 a,m, ‘there was a snow
ceﬂlng of 1300 feet with vieibility of -8 miles, at 3:35 a snovw ceihng of
400 fest with visi-bility of 5/8 of a mile, at 3:50 a ceiling of 2700 feet "
- w:.th nsfmlity of over 9 miles, at 4113 'a snow cezling of 900 foet and vislr-:_ S

‘j"blllt.v of e miles, and at 4 35 a celllng of lOOO feet and. v1sﬂ)111ty of

5 mi_les; Durlng ‘this perlod hght to moderate snow was reported with north

and noftl_mreat winds of 4 to 7 miles per hour,  As i{s indicated ‘oy t-ha_ r-ad?,-o.
_ Vlbg_, '{:c;)t'h Caplain- Fey and 't_he' groﬁ'nd_- station were éxper:iériciné 'he'avy staﬁiﬁ_é'.-”

_,i;ntermittent-ly;. | | '

| The flig:rt record:.r card which was recoveréd from the c1::‘pla:t1e ébows that'-_"‘..
- j.fézllcmng a normal_ clmb after leavmg Elko., the airplane cruised at about

13 OOO feet descendlng, as it approached Salt Lake Ci‘t‘y to ab'oﬁt 1z, 006 '.feet -

' 'followmg which 1t agam asce tded, This would 113.»..108.158 that Captain Fey.after_

-...._. —_ - = - —_ - -
- - .-.—...—_-—_.__._._—_.—...._..,-.....__.__ - — —_

S ® Mhe 3335 and 3:50 weather reports explaln ths conversation bstween Ceptain’
- .¥ey and Dispatcher Zlson at 3:43 (see page 15), . .Czptain Fey apparently hed: .
. heard the 3:35 weather report indicating v:.snnllty of 5/8 of a mile. Dig~~
-~ patcher Edson, who was at the remote microphone on the airport, had not B
‘heéard this report but was perscnally observing the weather, After this con—-"'

.- versation with Captain Pey, he requested the Weather Bureau to meke a -

spe¢ial observe stion, This vas done ard the rerart nade at 3: 50 mdlcated o
-.,___r.ns:”blhty of over 9 mlles. ' '
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variou¢ communications stations and others tha’c an alrplane was unrepc ~ted,
He fine.ly issued a Npotice to Airmen at appromﬂately 8 20 a,m., alnost three
hours a¥ter the range was originally found to be malf_‘unctianmg. |
‘ine behavior: of the variocus orerators subsequent to the é.céidént.'_;.ndi%
"~ cates a lack of appreciation of t_he importance of_ nonitori_ng whic_-;h mak_és it L

arpear all ‘the more probable thati_ the moni toring rerorts in the-earl}-f norDe .. -

ing of the 4th, prior to the accidlent, are unreliable,

COXDUCT OF THE FI.IGHT
Having corncluded that the Salt Lake City range was operatlng ahnormally '
at the time the accident occurred, it does not necessarily follow that thls R
- condition constituted the cause of ths aiccident There still re;-:aains_ the

hecéssity for Anquiring: 1nto the uauner in which the fl‘ight was-.conducﬁtéd by

all: those who were concer*xed wz_th 1t before: any conclusion .am: be reached on
thig i c~de, " '

“We heve already de‘t‘erﬁ_ine&' that the a.imlané was in airworthy condition
with i's equipnent operating normally all during the -ﬂight.' Also, from the-
recora it appears that the we ather renortlrg and observatmn in. so. far as it
" affected the flight of Trip. lG"was_efficiently and sccurately dome, The ter-
Iﬂlnaland airway ‘foredasts upon vi}_?;zich the flight .d_epe;ad;eﬁ were substan_tially. o
-accurate and-the flight crew was apparently kept fully advised as to the
 weather. c.onditions .exi'éting in. S'alt.L'ake -Ciﬁg:.: Thera: .al.e.o. seens to be 1o
: questlon but. that the trip was Propwrly thspatcheﬁ. fron Qakland to Reno. fhe'_‘
'_:tmp carmed ample fuel and 011 and an’ am?le supﬂl}.r of oXygen, was properly .'

.;'-:loaded tha weather was: excellent and. there wersa no renorted failures among ;
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GOI\TDITION OF AI‘*RPTANE AIID EQUIP« Jm T¥1 LEDIATELY PRIOR TO IMPAE'I‘

S During the investizaticn of the accident, the question necessarily aroae‘ o
as, to whether any. abnor*nal ﬂmctioning by the alrplane or its equipment had,

'::'-ﬂ';:;_f_contnbuted to the ax:cident. 4 thorough inspection ‘was made of the w:r'eclz:a.gw

rfrif::of aircraft NC 16086 aml 3 m‘bstantial amount. of testmnny was rece&ved ;t
' :thhe hearmg as to the rasults of this examination, | L e Iy
It appears that all parts of the a:.rplane ware accounted for a.nd that no;
7- 'hrparts were found along the ﬂight path, t"ms leadlng to the conclusion that '.
no parts of the airplane failad and broke off durmg fllght. Nor did it ap" -
.-"-pear that any control fallzws could ha,ve contrlbuted to the accident for

,if___'__while the eontrol surfacea wre baﬁly ﬂ.araged., the d.amage clearly occurred P

th" t;me of the i":pact and wh:l.].e aone of the control cables we' 1 Y

had occurred a.t that tme,_ .A.n examlnation of the engmas and propeller T

ami the nature and extent of this damage mdmateci tbat the engines and ptr
pellers wnre functionmb pmp'\rly and e.t the reduced power which womd have
been nornal d,urlng a let—down rrocedure. A generous supply of f‘uel and oil

-::\:hfas found ,m the ta.nks and ens,lp%’

Et seens clear that no rﬂm failure,dccurred prior tc i.mpant for the

: ‘rera.ft"_?radio equa.pment when removed f*-on the scene cf the accident ané.

i k‘j'?ﬁ'l;'ffgoad e dition. After A f&w

al of_ the aqmpvzent fu.netioned n' mally, The radia range receive

; e auxil-iary‘ receiver were goumi taned to ’ehe Salt ‘Laace c;ty rad.:ic range




S;.I-T Lm cITY m:[o msﬁ'

From ’c.he I"aﬁ.lo contacts rade ty Trlp 16 shortly before the accident

-

s ;a*}pears f.hat Goptam Fey was usmg “the Salt ak° Clty radm ran

cillties u.secl in connectmn w:.i:h :.t the sv*sten estanllshed. for Bon

-he?range, ané the comhtmn oi‘ the ra,nge ‘on the nornmg of Novemb

mriaryand a_nalyfs:s of thxs evidence _fQ.LlOWs. :

e;l descrmtmn nf the Ct}nultlon ~of the wreckage of air
i contam_ed in' Arpendlx % whichk nay be ‘secured, if deﬂred upo
‘directed to, the .Publlc Informatmn Sectlon, C:wll Aﬁronautlcs




-21-

History of the Salt Lake City deio Re nge

The first redalo reuge™ tn be 1n$talled for Salt Lake Gity was -8 medlum
r'r-l-j:r}mwer loop tyne range* 1acated about 14342 miles north of the Salt Lake City |
_V_Airport. Th1s TANCY. nhs. ,,..‘L ced in-operation in 1929 and served u.ntil 1?53 |
-:__-when it was replaced nn the game ﬂlte hy a full pewer vertlcal radiator type
'-:_.',_'_g;’gat_ian.‘_' This station was modernized in 1938 under the dlrectian of" the |
thezl A¢minjstrator in the. Givil A@ronautics Agth_orlty_to pzz_"oduce._ the pr‘gise_n.-t:

full power simultanecus voice broadcast and range type . st-atioh.*'._ -A‘l‘hia,

modern:.zatinn work was begun in August and comple‘teﬁ in (‘ctcher, 1938'

Wh?n the modernization ef the Ssalt lake City range was. completed tha

* A ra.dw rengr i8 a radio systmm w%a.:},ch radiates radin frequancy fields in’
:_' suc} a pattern that lirss of agpal Tleld strengths exzst along predster— ‘
. __':_r_mined tourges over the °arth'3 smx.xac'e.f These 1ines of equal flald sbr%th
are called. legs or courses of the radio ange. :
these legs, receives s steady’ (iash, raferrsd te. as an "oy
1 ohe sj.cle of the leg he would receive an npn {det—das ‘ar
ien’ this signel is received ig referrad to as an ™A quadrant‘ ;
her side of the leg he would receive.an "N" (dash-dst) and the. area i
, which this signal is recnived is referred $0.as an "N-quadrant." Fou
'?'-:,cou'rs'es are produced by each radio range and in the !_mhst.f,Simp-lG-- in_st.ai';
tieng these coursés 1lie ot 90 ‘degrees to each other. ‘However, hy.the:
troduction of certain cireuit -arrangements, the courses can be niade ta
f.sume angles ‘other than 90 dﬂgrees and this alignment is calied "sqQueez:
pr "uendmf " depnndmg upon +he petteln formed. Identli“icat.mz; s:.gnals
are tranvmtted in both the ™A" ©nd "N™ guadrants sc ‘that 'z listener ‘can
detemme to what. rangs he-is listening, - The identificaticy sigmal-is . . o
a1s0. kéard while listering tb the on course signel. The Civil Aeronautics
dminlstratlon cperates. 278 rndlo range: statlons along the uvil almays
_ through,out the Uulted s+ates._ e T

_:‘1’l med:.um P_rmer rdngp ics one ot three pewer cla s&i ficatior;s into which the
EiVB..L Aeronaamcs Admmlstraulm I ges may be dn 1<Ied. These class:.fica—
ions arey - : e :

Full power -—_-.greater ‘than 156 \
¢ Medium power—-- 50 *l-,n 15@ Watts
' .Jow pcwer

E;hmltanems xqme brnadcast and - angea: type station is a “adigzrang
telephone: Tiegsaged ‘cay be transmittbd at the same

I‘adia.-ting Pangs: sign&ls. Suchu station als~ makes weat}"@r
8 o0 a.schedulsd-basis, . ' o




fallure of .t ‘e commerc].al power supply. The tower 1nsta_llatlo__n an :

o the varidﬁs'-‘towc'ers)"whiéh had been used for the station before"irr

zatlon were retamed except that the towers were modernlz.ed by~ the i stal-

latmn of rain shields and the erection about their bases of a ot

poise system. » The course allgnmen of the range was left unchang:
order tc perm1t the rangs to serve two of the'alrways which 1ntersecteé at

':g_]::t-Le.ke G;t._y', 1t n;_s been "squeezed" and “bent" S0 that the publ

The equ:.pment of the range sta‘tlcn is controlled by means of

._ f:system fmm the Alrways Commumcatlon Statlor located in the Admlnls%

".‘"‘**K“‘Eosimve stat“inn 1oca't10n marker is = transm:.tter Wthh produ,es
-_concentrated in a small area directly over its antenna system. .Sué]

“omitters are- located at radlo range stations to act as radlo locatlo
mﬁrkers. ) B . B g .

.Rain shlelds ure 'netal Shlelds Whl(‘.h are placed around 1nsulatox
'-radlatlng system f,‘or the purpese of, protectlng those. insulators
2 raln snow, scﬁnd etc.

'Af cou:x;ter-—polse sgstem zs used muth & radlo range igs a: wire scr
gld Tizontally above the ground by supporting stanchlons.
ot Lhc st cture_ ¥ ;




AT )

:-_:"'.-.‘.;Bu.i_l-ldin&fﬂtw'th?ﬁalt. Lake City Alrvorte The oonwol'linéé “betwesn thE con-

'-t:cg_ol stai.:yi.o‘n and the radio range staticn, whioh'dre’ leased from-the f‘l_bcal |

- telephone company, are partly underground and pertly overhesd. -
. In addition to the ranges and positive station 'l'ocatimi -marker 'iﬁ'ﬁa;_léd '

.,_'._}‘ét‘sglt Leke City, Tan markers® were installed oh each of. thé fur logs of

f_-_if;the range and additional range strt&rme establlshed at three pomts in; the -

Salt Leke Valley., The fen markers were located ag follows

Leyton, Utah - On the horta leg approxiniately 18 mlles
north of the S 1t iﬂiﬁ mne:e.

Coa}.v:llle, Utah - On the vast leg approylmately 30 miles L
. -east of the Salt Icke renge; i

‘Riverton, Utah - On $&o spubli leg approximately 19 miles
south :rf the 3&1!5 Eaﬂkﬁ rm@n.

Tlmple Utah - Dn t-he -ssws 1%. #Proximatﬁly 57 miles West B
.3f the Ss«*lt I.@iﬁe mge. , e .

/e’ thr@e Tulig® statidns werey . A meuluui mWer vartical “adzato'r“’f y'pe‘

) rau;ge ud yoice: station with positive station locatwn marker at Plymouth

Utah e ‘?8 miles north of . the Sali lake station, a med;um power vertlcal
ﬂdiatOI‘ type range and voice: station with positn'e station i.ocatwn marker s

_';-Wendover, Utah - 1,06 miles west of the S..lt I_axe statmn and a medmm

power 100p type range and vome statlon at Tmtic, Utah ~ 64 miles sout‘;

thwest ,:01: the ~Splt Iﬂks Statum.

In'the rau and. w:l.nter of 19:58 after the Selt Lsske City range had bean"

hoderni: :d__ dlfflcuity was. encowltered in the mamtenance of. the coursa

i‘g narker is a trunsmltter mstalled on a- range 1eg scme s
he radio range and which produces ¥y fan shaped ¢
in the immadmte vwmity of the 1ocatian of__,
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o}i}g'was done on the range and in mid-December the:patrol. pllot umle
;er@:mini,strutor dn the Givil Aeronautlcs Authority raported the course

gl ;-';_-properly aligned and satipfactory so far as course definition, signalf

: r,-z;sibnength;; and-effective voice mo_d_u-—latlonwere concerned » Nuneroub r"nl ]
T -;-g:;grié:tfou;ndf:-i_)_n_-"_iehe' sast .é.ga.wes,te-.legs and mild key clicks** were alsy
. kon theSe legs; | _ .
" Homewr, about: December -15, 1938, shortly after the- patrol 'ip.i'lio'?

| 'fllg,ht check a Uniteci ‘)1th, .,fter a: e;pec"al flight cheek in "the vﬁ'.

: "i'of the statlon, reported that the courses had become 1ndef1n1te an& ¢
' ing. Another fusat c*heck wag mad: oy the p’—ztrol pilot end it Wes h1
.lopimon that the range was still operatl ng properly. .Phese fliprt eueek:s

: _.'.'and dl scussmns 1ed to the calllng of a conference ::tt Selt I;-zte Cit-y"r

7E cu representatlves of the Givil A.erenauuce Authorlty, the air

_addressed to the ClVll Aeronautlcs ﬁUthorlty at Waohlng‘ton D.‘_-'__..

tinent parts of, Wthh are: as follows-

*'lfiultlples are arees whzch exist at poants other then oni the’
radio renge but- in v*hlch on course slfrnnls are recelved. s
s might be termed false - COUrSes. v - )




S M1} -It-i8.our . opinion that the operetiqn Qf the now approved SBRA‘*
s equlvalent to the fo"mer BRA.

"(2) We ccept this SBRA in its preeent operatmg condlt.mn,

"(3) It is also our opinlon thnt t.he present method of monitormg

© the north: leg of the present Salt Luke SBRA is-inadequate.and that_imnledlete;_'

_'steps must be taken to protect this leg sgainst shifting in either dipec~ -

“tion, ‘This can prefersbly be done by either :a remotely controlled receiver.
located not more than 5 miles north of the range statlon with the monltorlng

~ being .dome at the Salt Iake control quarters. (sic) ' o

, "{4) In line with recommendation. #5 we believe thot continuous and ...
- more accurate monitoring is required on all f:,ndl approach legs at fields.
:_located in mountasinous terrsin, e : &

.0 .m(5) However, the acceptance ef the above-mentioned facn.lity changes-_-g-.:_j';,

. in no way our opinion that a completely new range in a better locatlon 3.n"-' ‘
the Salt lake Valley is imperstive, since the .present SBRA even as. the-
former BRA affords only the minimum requirements for &fety. :

: "We also reconmend thet a thorough survey be que ‘oy a comznlttee of :

pilots of Western Air -Express and United Air: -T.ines, together with Civi) -
;'_iAeronautlcs Authority engineers, in order to seleect the beshposmble s:.te
“giving consideration -to engineering . and. pilctlng points . of views *-Thisgi
. preferably should be located north and possibly somewhet west of the pr
locatlon bt not more than.25 mllBS from the pre—sent locatlon. e

) "(e) 1f this selected site is. :1.occ~teci ot such & distance and d:u:.l_
tmn from the airport that an airport. localizer is requlred then this
“___.reconunendutlon includes the 1nstq11etion of_ euch faclllty. 7 :

- "411 concerned are agreed that the mport&nce of 4he above: reconh—v
if'mendatmns werrant immediate action so that if st 21l possible an 1mprove(i
- facility or facilities can be- fmerqtlng in. the ‘Balt Leke Valley by :
-_-ZEOVember 1, 1939."

v

.":__'_*_ Tile term “SBRA" is the Civil. .—Leroneutcm Administretlon demgnatlon for 5
Slxrultancoue, scheduled broadcast full poWer, Vertlcal rﬂdrtor r;‘dm
- rsnge, o . . o ) 3 ; L U .

"‘The term "BRA" is the. leil Aeronautics &dmlnistratlon designatlcm for
scheduled hroadcest mn pownr vertlcal red:.ator red;m range. ' :
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'.'.:'.:‘.-The letter wa,s signed by T R..Cunningham for United; by C. N, Jﬂmes for

Western A.lI‘ Express, and by F. M. Crlsmon, C. M. Chrlotenuon, and L. R.
v Schram as thc Pllot Comm1ttc,e--P dlo, for Unitnd.

: -Eram'il‘a'nua:c'y‘.g 1959 : until November 4, 1940 there ‘were a nmuber_ofE

':-‘-:;oecamons on wmch the alagmnent of the Salt bake redlo range was report'

.'_‘_:.to be abnormal.‘ From the evmer\ce it appears that the fo}.lowmg ”Notwes ;to'

:__.';_:Airmen" wera 1ssued. durmg ’bhls pera.od S R _-__;j

On May 24 1959 Wend.over reported frequent shlftlng of the w‘ea

‘ leg with 1ighﬁ “A B on eourse, and “f ving N mgnals" ‘being received. :'- ]
_._repor‘l'f w:ts made at- 9 4-0 and at 2 17- p.m.i ."Notice “to Alrmen“ was i.ssue&:-
o .f-:'.'stating, tha‘t the rcnga h"d resumed normal opbr ition. _
Coton Iuna_as 1959, Elymouth reported. hﬂt 2 "moderaﬁe-ig*ﬁ;yé%

"féint N

7_-_made ati 9 04.3 a.m: Salt Lake advised that the mlsallgnment was app
ntly.cauééd _by the tower 1nsulators bemg covurad with SILOW., - The_;sn_c_} W&
oved:md Tlntls:: reporteﬂ nemal operation at 11:17 a.m, |
Februarjr 15 1940 a Wsstern Alr Express pllot renorted th;,_
'he‘ Ss:lt L&ke re*nge was dlsnleced by & substentlal an

puh ished be&ring. T}us report was - vnade t 11-15-a,m.'-A

Stimony which 2,s gwen in graeter det:..:l.l bCJ.OW thb csusa of'
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On April 9, 1940, = N'\tl(‘&‘ tc: Airmen wes ls.‘,ued stating that 8’

degrr,es.-west-of the publlshed bear'lng. '1—‘111‘5‘ 'x'-‘e': rt_was mde at

5:00 A, It lO 55 a.n.,._a Natice to. Airmen wzs 1ssued advlsing

7 thet the previous. report should be disro garded and thz.t thc Salt e

' Lake range ¥as appmrontlv operntmg noma%y'., L

14"

- gl.gnql-recelxred. This rf,pfurt v:as recelved at 10 140 a.m., and at
12225 pume, Tnenaover rppqrted thzt the Salt L&ka rangv har* rs,turred
to normal operatlﬁn.

The bmmdl ’)perhtmn 01‘ tna r‘nbw m Februury 1 19&0 was repo,x'_t'e_ﬁ'i_"-"f’f'_f'

by C p‘wln Y")"}Stbr A nestern Awr r:-:rpr@ss. Fr'm_' h1_s testimmy '.ndthat qf

= E‘his muli‘unetiﬁnlﬂg‘ of the Sf‘lt Lrlfe C:.tv r'mge was re ")rt-ﬂd tn the A,_rways

fmnrmmcatlnns Stathn ut Salt L kx., Clty end shqrtly therea*"ter (ﬂt 11 36

-"_"a.m.r_) Ni)tl ce: tj slrmen wes 1s=’ued ste. tlng that the mn”e was functicnlng

.1mpr'operlv end should be used for homlng-only. At 1 15 p.‘m, another e

B Hot:i.ce tr) A:Lr'men g isqubd v&uch st t’f' th u.t ‘va u,l't L“ke rmge was &t

,‘thet tlme pparentlv opgrat1n~ nfsrz‘“ally, v‘uch ffct.'ha _-beun eotobllshud by '

E ﬁ'g;r':und checks on]y. : 11. F L ndsay,,t‘zﬂ raf‘m nlectmcun fnr the C1V11 f-ero«-,-:-

nautics Auunl stratl on, whq 1nvr=st1 ga ‘tpr§ ’che r@perted cour se d1 splacef»eqt

sen* ;‘ telegra_m on tho r"orm.ng_, of F br'uary 16 19310 t:» the Peglonal Of;.lce

-'—-o'f‘ thu Slxth Pegl'm whlch reuds 1:r1 part 93 f'oll:w:s-




- 28 -
MRenge nn}a' 5§érating normal, Du.ffxculty todey due to
snow on insulatoyrs. Snow had €y be removed repeatedly dae
to thawing smow on towers falling down snd re-oovering in- o
sulatirs. OCondition clesrad about 11:3%0-a.m. /"ebrufiry 15,
19407 &s indicated by equipment meters. . ."

“¥r. Chorlas E, Givens, the prineipel radio electriciun for the Civil
Aeronautics Administrotion et ths Salt Lake Stationm, als» testiffed concerning
the condition »f the radis rangs ﬂquipment m th° morning of February 15, |
19!.;0. Mr. Givens statad that he inspect'e'i the towsr insuletors snd found
gnow on them and on the rain shialds, He nttempted > clecr _uvmy_tl=;is SNOW
but the tenperature had risen end the snow sglid &mm from the towers and
covered the insulntors faster thsu he could cle:.;x" it off. Mr. Givens fur-
ther strted thet no éiffi.cul&y- or abeormality wis found in the transmitting
aquipment or keying device insi de the station but that the readings of the
currents:de.li{rered tc the towors wers other. then pormal, From the tssti-.-
-mr)ny' c.oncen.lihg; the operation of thu Salt Leke range on Fabruary 15,. 191;0
'.'1‘1, woultl appear thet the course displace,ment on that morning resulted from
R .a condi tion produced by the urcumulation nf snow across the 1nsu1ators of
the mdiatingrtowers and the presence af‘ moisture produced by tho melting
5f this snow.

Insmllatlon an? Use of the Salt Luke City iirport Localiszer

Dumnh the period hetween the cr;mple‘blan of the moﬂermmtlan of ﬂne
.Salt Leke Ci ty redio range ond the t1~n=> vrhc the rangc wos judgad to be

'satlsfac*‘sr:) for uss as outlined in the latter of Janudry 9, 1939, allread3r

- cuscussmd iim Clt‘) of Splt Laks Cl.'t‘f with the flI‘zC..nCI.&l and tﬂchxucal

&S'smtanc.e of’_ Mnited, installed o ln'v*-n')wer TENES S‘t&tlon, cormonly rc.fc.rred

%5 ns & Mocelizer®. It eppeurs thet the lnenlizer was installed as a re_sﬂ}.




- -
Sf _coniple.in’fS received from I'Init@_dj. pilots cqncefﬁiné the operatidrz;._' of the | 2
L :'_rnewlv .mo'-derni.zed Sa-it Lake range; the laca'liz‘ér,::waé lbca"i:ed';.ﬁbau’; 5,000 |
.fu,et nﬂrtheast nf the terminal building of the Salts L ke Clty .i-;i’-'z't.):ort-".aazi?d'
7the legs were s allgneg that the north leg qf the locallzer calnclded mth
'l:he nnrth leg of “l:he S(.lt Lake range statlon, with. all four legs 13 '1ng at :
90 _dggrees to eaqh other. The transmitter used for the locaq.l__zg-r'al;g.f.
.-_;e=;-if.éd as the rair_po_rt control -tower redis '.stati;’;’ari‘fmd v:#.s.opfei-éiééd_ bj,;_ the "
- .&ii;_nr;ri; goﬁi;,_ra_l_ t;mer_-_::_operaﬁar m duty.. The output f);{‘ the transvntter whenr..":f{. i

j __us.e'd far the- localizer was, asccording to test:.non,y, apprﬂxlrrately 100 watts i

oo
o

nd 11; onerated on the sume freguepcj as tha t assz.gned to thﬂ crmtrr:l tf)wer
',namel,;, 278 kllocycles.
pf‘tt,r the installutl'm_ of uhv lacullwr hmc been cor‘plet d' rliiring --the.

) I‘lrsft few duvs mf‘ Decembe,r 1938 it was used by pllnts of Umted .!3..11‘ Llnes

- unﬂer condl‘blfms of 10?* cellings and restnctﬁﬁ v1$1b11111\,s ta check "ﬁle

__‘:riphfrnment of. the north leg, ':f thu Sslt Lake Ca,ty r&dm rang,e. Th:srms don

r*urln'i' an. apprc;ach an c‘ let-a’:Wn-through prace dure by one fllgnt Qfﬁcer

i' r.-emalnlng; tunef4 ’c-: the ranbe ano th° ﬂ:hor tn the - lacs llzer, )r bv :me ofﬁcel
smtchlng ‘back and forth. 1if the . 51gnals fr«'rn the two f‘aca.limﬂs falled |
'.,_tn c’nlnclde | 1t would be ?pgar nt thut either the raﬁge or the locallzer

:was functlomnr' Ebn')I'EF lly a.nfi the trip would_ discontlnue the a_p_p_z_‘oach and

'iproceed to annt}*er alrport._ P R i | -

Shortly after thls procedure W S establi shed 1.1: w'a,s m&de an rqte-

gral p&rt ')f the prescnbed 1et«d9vm proce ure enntalnpa in the c'mpetency

'let ers att&cher* tfa the Llr carrlnr opemung certlf‘mmte ai‘ 'Jnlted

"us all Unlted,_mlots i‘ly,;n n‘m Sfl‘c L&ke Cltv VIeTe. requlred to
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S0 tHe 1=b'é'a1iz'er'iﬁ ‘the manner described above whils making & ie.t"
through procedure. H«awever in ¥ay, 1939, Mr, eres E. Read who w&s

:::":_then the Se:mor Alr Carrier Inspecmr in Churge, Slxth Regmn ')f the

' ;former Cvul Aeronauti cs J‘«uth'nri ty, and now holds the same P‘;‘Sltl’m Wit

the Civil Aeronautms Amninistratmn, amendcd Umted's competonc,,ff_

B t') elimin&te tms requiremen%. He testa.f‘led that this actlon was 4o

f.f'::because the locah.zer was not awned or operated by the Fe*er'al Go

,enﬁ and it was hiq oplnim‘t %&er&.‘f‘*}ra that his staff would be'um;xh

,_toj*",?,nspe_c_t the’ .-loeali_zer S_ﬁ“_&s to determine its sndequacy as'an.“aifl_-?'
i f_:f-:natvigéti -~ facili.ty' and the mamer in which 1t vas maintaine'd.' '-I’iz{‘

:-'_&.d-dltl")n h“'s‘cat g thut & flighﬁ Qheek of the 1’)0&11261‘ had shown:

. sab}.e di stﬂnce vEs betwem s).x ﬁnd eibht miles, ‘{e., also '

transmttex‘ uh llzad 1n connectmn w1‘l:h the locali 'er

tha ;Airport C?ntral TWGr et the S l‘t Lakc, City Alrp’ar

izzstmctiﬁns. };e_z feared-tlﬁt cnni‘u31 5n mlgh_t r_esu_l’c,;f

9 .'I-‘_E.v'-nsm_.t??r for’ the two ‘purposes, in view ‘of the fact 3

Hov- eve'r‘

end vifce' v'ei‘-s'e:'. _

he s’wted to representatzvas :)f.

he lard on 'F’hlch the localizer was 1nst&lla 2

‘l'hﬁut '}b_}ectlon f‘rﬁm Um ted. Comunlc&tion fcsr th
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"_:.-"'alrpert traffic control was carried on thpreafter by means of a transmltter fa

.'_i-;-:._f_--temporarl].y 1nstalled in the Alrno“t Admlnlstratlon Bulldlng. Accordlng to -
testlmony given on November 16, 1940, by Mossrs. Garl 5. Kusrow. a.nd Verne _*!,-..?'i
Hallzday, bOth emplOyees Of the ’31’%’ of Salt Le..ce Glty. the re-—lnstallatlon
,:- Of the 100&11281' was under way but had been delayed. 9 some extent b}i‘ a o

"':.':c-hangp in pla.ns for the bu:.ld:.ngs bes.ng erecfsed ’oy the Army amd by the )

" 'necess:,ty of awaiting dellvery of necessary elec’crlc cable.

Monitoring System* for Sa.lt Lalce Clt; Rad.:.o Ra.nge

Documentary evidence and oral testlmon;,r ln the record 1nd1cate that

the Civil Aeronautlcs Ad.m.na.stratmn operates, w1th respect to the Salt

 lake City radio range, an unusually :cowplehe mcnltorins s,,rstemf one Whlch w

'?'f_' 1s parta.cula_rlg demgned to dtaisect relar,lvsly shght var:,atlms Jdnc coursa

':,_""alxgnmen’c'. : The system mclu&ea monztor recelvars es ' bhshea at flve

dli‘ferent locatlons. anee of these are rece:.vers 1ecatea in outlylng

52; rédio range stati’ons, one at’ FF111*!:10, Utah, south of Salt .nake Clty, one at
Hendover, Utah, west of Salt.Leke City, and one at '~’1ymoutn, Btah, north of-_’
'I:.-;_':S,alt_-_l___,a.xce City. The Tintic, .Jta.n, station is in an . “N“ quadrant of tﬂe Salt'_;f;:--t:. _:'-:
Lake City range and lies appl;gxxmate}y 18 d.eg;'ee‘s we:_s_t,-_of _;i}h‘e., Pnbllﬁhed“g;;_ :

. :é‘:’,c"c_ursé of the .south leg. .Wi:én Jthe Sely La:'f;e: Gi'ty -rangé: i\s' operati_x’;'g.-nor_—;-_; :

: ma.lly, ‘a llght "N" signal: lS recaivea by the reoelver at xlﬁth- - The P

wené.over statlon is on the west 1eg of the Saﬁt La&e Cz.t;y range ami sllgntly};f,}'_

. ‘The term momtor}.ng systen as usea. in cmmecticn wlth a raﬁlo range des;.g~
‘nates the system where‘ny signsis from the. renge are periodically received
at varlnus locations, for tb,e purpose of aeterminl'ng whet.qer the z'ange 3,5
f\m::tmna,n:, normally. i : ; o




- 32 -

r

L :_'recewing arstenna. syatem or to structures near this antenna. wmch produce

: -_a alstorted. fleld.._ The Plvmnuth ‘Utah, station is in an “ﬂ" quadra.nt of

: the Salt Lak:e'(}lty range, lylnf, approx:.mately 2 degrees east of the Fu

lilllshe_ ceurse of the north leg and, When the. range is ““erat”g normally'

:__:receives a llght "N"

The nther two monltor posﬂmns are in the Alrways Cnnmunlcatlons

‘-‘3'_St.ation of t‘.be 01v11 A.er@nautxcs .&dminlstration at Salt Lake Clty Wlth one
:'recelvez' belng loda”ted w1th1n the atation itself and the other, & remote

L __-‘recelvez', located north of the st‘atlnn of the north Jeg of ‘the Salt La}v’e

-C:e.t‘,r range. ) ‘Theu"recelver ‘1o,c'a'ted in the Commmcat‘lnn Station is i:n'-an

G, the east tov;ard the Wasateh Mountal*i range n



o détécted end pilots using thet leg in o let-down pracedure werned as.to ‘the -

) abnomal ahgnment of thﬂ 1eg;.

) The remote rnon‘ltonng system was m.stalled wt Salt Lakﬁ Clty in the
ééer‘spring of 1‘-}1;0. "The recoiver, sultubly protectcd by weatherproof

hsusing, wes locg ted in the "NM tmllg,ht ‘zone of the north 1eg apnroxmately

one ‘ond one-hulf miles from the Salt Lake statlon vtnd dera.vea the power-:

tnecessary for its operu‘cn.on throurvh &n underground pov:er cable. The output Lo
of the receiver is carried to the radio range’ statn.on over’ another under—'.'.-' |

grotnd line. At the redio rangs station houss, --thi-‘s Tine i"'s”'conne‘c‘tsd-to SR

“un amplifier, the output of this smplifior boifg connected ‘in turn, “‘ﬂn
-;.Esterlme -Angus recordlnn' meter.. This ,}}—;cb‘}mng‘ mater is Of the type Whlch
-‘ m.ar‘_kS'with ink a strlp ’c\me ch&rt which is m:nn,d 4t a unlform rate underneath-‘-“

" the 1nk1ng :péh of the" record{z"r mechani 3'1111.' Thus_""'ther'e'i § p_rov;.ded'_ﬁif- 8l

ftlmes durlng whlch the systen is in opﬂrf tlon

:"whch supplles energ" to {=<31‘:un tﬁ' the eqorllne—ﬂ.ngus z‘ecordﬂr 1n ﬂle radlo
"range stah o, the output of “the I‘OcGlV"‘I‘ is also’ ccnnecﬁed to ‘che 11 "”:'::v'thch:
,15‘used ‘ro conduct "t’he volce “bros. dCaS‘t 'ﬁnﬂrrv from the Almfa'ys Conmumc&tlon '

S‘batlﬂ'l 0*1 the S.i].'ﬁ Ldku ﬁlrport to the' modulutlnr» sectlgns of the ’Grunmtt”rs &

- 'ﬂt' the range stutlon. Slnce thls hne 1s uscd o lvdurmg_, t:uzzs,s brOdemStS are bemg
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S ;ﬁéd_e'_‘,"kit.prdvi{ies a convenient means by which the operator can ma.k
. f,“; :ﬁ'hé;'-_ifgr:gote_.:‘ﬁxanjtgrihg. fe‘éei__vef to monitor his own range, When “Sed in
'juhaﬁ'ién:'ﬁith..the moni boring system, this line is connected at 'fhe Alrvays.

-,-:"-Ccmraunlcstions Station %o th;, in-put of an ampl:tfler, the output a:f which

is connected to head sets and. to = milliarmeter,” this conbmatmn th' pre

'_;.:v:Lcli_ng-bomaural-andr-visnal toring of the range at the Gonmunic' :

.Station by means. of the reﬁota: systen, '
Mr Theodore K, Johnson., Gommmmatlons Inspector of the Slxth Re

i of the Cwl}. ﬁemnautics Aclmimstration, with jurisdiction over th"
| Lake City statlon, testlfied concarmng' the standard proceuures pre

- -Dby'the Muinistration fo govern Tadio range Fonitoring, As spplied to this -

- _particular case, the range stations at Tistic, Wendover, and Plymov

b '.‘.‘:fén&év_ef 'apﬁi'OXimatély 57-'mii1’utes ' af"t'ai' -each' '

] mouth about ___)nmutes after sach hour and at Tmtic apnrox"

blle.-hf&ur. Accordzng to Mr. J ohnson's testmory the scheduled i

_ ng ‘ars nat definltely prescrlbed by written 1nstruction 'but ar

;lished. 'by oral mstructmns f:rvren by the Cormmumcatlons Inspedto

monitor operators are Trequired to record their £indi



-:?Radi'o Range Monitor 'Bepoftﬂ ,*-.0n-. this form éolumns are provid.ed f:ju" the :
. :-entry of the following' information: The time each range is momtored t-he
;-:name of the range being monitored, the range- :tdentificatlon mgnal the
- characteristlcs of the.interlock, the dominant mgna}. reeenred. the mgnal
| 'strengtg; of- -'j_tl_;e;_ r,ec_eive_d-_.s-:.gnal , and any remarks w,h_i:chg_the,,opjserat.o'ru_ m_:x__ght__

. think pertinent. - The. operators are instructed as to the manner in which -

- the 'signals should be observed and the various char_aﬁ,tér_i'stic_s- of range _'

. ,épération_ which should be espec_ianyﬁ_nated in’ ,«3:-&&1{-2’_{0;_;‘:;&5 _}'Ji‘__i:a_:per-:é;;trie.s -
,_-'-"c_:.'ti_,:;c.erning:- interlock and 'S:ignal_'s: received, -;Tl;s\e Signﬂlstre*ngth mugt. be i.’_lf'::'
: d'icat.ed under the proper hea..ding. vy means' of the i.nter'nz;itional SCalEQ,S.Al** :
- -to QSAS *k 'Under the remarks colunn if the range operatlon is con51dered .
'nomal ‘the nhrase "Operatiaa nom&l“ mt be entered and 1f any vanatmas o

from normal ;operation are zxoteéc the characterlstlcsi-of the abnornalit»y mus

The monltor onerators are alsc 1nstructed,*** as. to the action to be
.'r._,is_r-_‘taken 4n- the event that a range bemg momtored is fuaetzomng abnomally,'i
. ‘}.'he operator ‘pust :Lmedlately not:.fy the station. com:erned of hxs o'bserva-'f -

-é;::.--tmns and send a copy of the dispatch to the Reglona}. Offme of the Civ1l

,;_Aeronaﬂtlcs Admmzstr.;},tlon for the reglon in whlch the statzon ig 1of:ated L

If the monltoring st.at:.on O-bSuI'VES that the faulty oparatmn 1is not corrected--_:_“'

* Manual of Operatmns, Commmmatinm Sectlon, Gha,pter ZB Pa.rt 8

e e terms QSA-1, QSA=Z; CSA=3; QSA-4 and QSA-5 are used to indicate the

sngnal "trenbth of a received radio signal,: QSA«J. is a signal whieh is:

readeble, wheress ”_QSA-B is the maxmmﬁ e1gnal whlch tha recaiver
being: used w111 delwer, o _ . SRR . . .

anual of Operations. GommunicationsSection, Chaptar B Pa:rt 3.



o taken, a."second dlspatch must be sent to tha,t statlcn and a, Gopy: ,tran_ Eﬁ

: to the Regional Ofﬁce.' Although the inetructions do not specli'y th -maans;_ -

These instructions are of course. applicable to the Tlptlc;_
and Plymout‘.h statlons in the perfemaﬁee of the monltorlng Of th

.genera.l they a,ra alao applicable to the operat

vations of ‘the meter rtadings were’ also in great part discontmus




oL

,oj‘ reasons were glven for thz Ss one bc.lng that th month‘a tes+ had shown

the same rc.sul ts to be obtﬁlnod by thu aural as by thp wsu&l obserwatlons,
u.nd anothur that th@ vi sual readlngs wors nof consldered rellable and the |
aural observstlons wiere t};srnfore pref'erred. Conaornlng the unrellablllty
) ~of the meter ree dlngs testlmony Wes glven that two sourceq Qf' trouble had
bG;n evpemenced vrhlch madu uae oi‘ the metor dlfflcult ‘ Flrst 8 def’ectlve
g;a:m control in the 11ne empllfler and second the suéc ptiblhtv to - 1nter-
f‘erence of the 1111:, connectlng the mpllﬁﬁr at the:hrw,ys Cmunlcatlon _
S‘Eatio_n to “the re’cgiver ou‘bput at thse rsmg_a s_‘bzi'tiql_l_.._ These ‘calses combined
with the pttitude of the opersitors, as sxpressed by 'oriié"of them, O‘i‘_"_i_::rusitin_gt--,.
“Mfmore to ’-our ears then we did o our eyes" resulted in ‘the ‘general sbéndon- :

- ment of the remote'mbni; tor svst-:-'::r:& m;ﬁt_t‘ir" f-o"r v‘-isius?;i’ fob’sé‘fvations.' A

‘Ihe employws bf the szl Aerons: u*lcs Admmstn tion whoss di’x‘tié_é?'i

‘;1ude momtorlng Lre: nrlm“ril}* radio opcarators. Upon emplo“ment or 'upo w

-éss_i‘gm;iént to « pe rtlculur ste' {:um they arc supnosud to b* glven 1nstmc:1o.s
by the operator in ch& rge of the _ss-utl-on, ’.'Ji'fioh:“-i_ng'_tr\ict; ons cever‘thelr
?j:f: moni toring ‘duties and all-other phusps of.trhelr work, * Ine instrﬁdti'dﬁé 'cdn;'i
'3-'._"-.cer'ning_' their monitoring dtiss sre imparted,- pmnc1pu11y, by demonstratloﬁ
f.::i____p'f .sigﬁals received, 'bu_t__:the:ra is also 'prr}vide_d_ 1 .;pampv_jhle-t _Wh:L_ ch 'd_e.s_c_r.;bes .'
:':.\,V-,-f‘}‘.é Ope'rati'oh &'nd use-'of the .1‘&@1‘0 'mﬂge"”ﬂ*'cj;ﬁﬁ 515" .Ih.s.;'c}pé_z:'ami‘s are.

=requl-ud to’ read this pamphlet and t7 indica 1:3 tnd, th 1;_ _ha_%fé"_—x"ezid andfuhder_-_’_-.

'to.nd its contents b_,r placvlg ‘thslr nutle,ls on 1t.:

ATI radlo npe,rators employ°d by thm Clvll Aemmutlcs Admini stratlon are

-,Selt‘eted fr"\}p £ G’-‘rt]_f],(‘ute Of ellglblss isc zad by the {}’mt :d ‘Stetes Cnrll

_,-_;‘Vid.a Gomi_ssian_. To qu la,fy for 11.51:1115 'm tl"l‘i cert*ﬁct te of ellglbie.
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' un appllc:’nt must have ‘had at lecst two yaars! experivnee ag o rad:;.o apﬁm: T,

'."_must bo able to send and recﬂlve tnlevranhm signals &t

B 'u'_ma.nute. and_ must bo able to type‘ ut & speed of 50 words & minute byt;fp

the rate of 30 w

"':'wifi'ter'. ar 25 words_z_; minute by.teletypewriter. Tho operntors arepa}.din

' ';'&ccardance mth the follovung cl&ssz.f'lc:atlons and pay scales:

Un_der Coxmnum_can.ons Opera tor, bBeginning ut. $
- Junior Communications Operator, begimning et
Assistant Communicetions Operator, beginning at
Communications Operator, beginning at

. Senior Cormunicat ons Operstor, beglnmng at

CPri nclpal Gornmunlc*‘ tions Operc t:r -beginning at

. mork performed by the operators at Tintic, Wendover, snd

- -oparatﬁns wers required tn moni tor -o'ther.'r&nge stutions,

) W* sp cml wsather obserwtlans and bpecl“l observatl 2138

1260 per QT
1500 per:year
1620 por year
1800 per year
2000 per yet

2300 par 3

Plymouth. | Mess

to m’tke'h

opemtar_s cd: the Salt L‘ike statrm in ‘s.dditi An b duties simila-rs ta

‘lf thc operatnrs !-tt TJ.ntlc hundaver and Plynf)uth bmz‘dca.st wﬁ&the
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in"Whip_h the locsl monitor cperators perform their duties. The electric_ians"-.

.-)i‘ the C'i"vil "A‘é.rqneiufic.'s Admihi étx‘et‘ion,.‘whose daties include the making of

- -

periochc 1nspact1')no .of the °qu1pmant located u.t the rudm nnsrc Stmt] om- elte
are I““Sp“)ﬂblble fnr thu care of the mutamqtlc recorder. Ai: th@- hes ring I‘fr.
G;vms one '>f‘ the:s,;}l elactmolans testlfled thet he "sade it e pr ctlce to
rc,meve the recﬁrder truce, whlch is appraxlmatelv .‘LOO feet 10*15;, frf)m the

B autqmat;.c recnrder each day and to 1nsta11 a new, tape but that he rarelyr
emmned the trucﬂ c'ur’*fully in view of +the fact that he had no suxtvxble

N

'-meané ffnr r’slhng or unrolllnsr the roll of paper. Hm-ever -he stated 'that

he had on occasn-ns examnbd purtlcular traces carefully when some abnﬁr-

mallty in ‘the f‘unctlnmng f)f the range ‘had. buen ropartﬁd

He teqtlfled as tv a surv y ﬂnch he had made durlng the mfmtb of Aprll

19&0, 1n Whlch he had carefully exammed thu tr AC8. as recarded ’for _:a pe

even d&ys and had cmpared 1t with reparts af the statl nS' e

:_’_' kf“)r the momtﬁmng af t'he Sal'b Lake C1ty runge apd Wl th any pllot ’31‘ _O’Gh*ar

'_--,répar't;s vrhlch had been received. c'mcemlnm the 3per’ t1'>n gi‘ tha rwnge.

survey 1nd1cated that while. the normal ratio of "N" to "A’V_' is. 100/90 the e

"uraces x&mned durmr* ,*hat n')ntb 1ndlca*€:ed thc.t the rf tlos vr.rled at tlmes
7 .ram 100/9).; to 100/ 85 Eé -Cfmpared the. indi "atlnns oz_;’._'tht"% 'r,\_ecﬁ)_r‘_de_r,' trace N
m'th thﬂ' relatlve hurrudl ty on.. the days S whlch they ap.plied ﬁnd -i't-' 'é;}}iec;réd' =

-,m-_ that &85 tha' rel&tlve hwm.d:. tv grew hlgher the comp€ ratl ve strength

"“"-A“ signal became Lass*, and Hs thn, r-.,lattve humxdzty hecame lower, o

he c'mpa.r tlve strength ﬁf the "1-‘1“ mgnal becume greater.ﬁ Mnreover 1:1 res

| n t}us survev, h== st“ted that- S
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"The Remte Monitor receiver gseens to be extrenely sensi
”_~t1ve to voltags variations, The recorded trace position varie: _
"-shghtly under stable voltage supply, and with any variation in:
supply voltage the trace position varies as much as 50 percent'
L‘ to 'Nf ratio remaining constant when measured at m:.d—scale

I NTE y S ‘cela.eve.'l ‘that with a regulated voltage supnly the
recorder trace would be extremely accurate, With the present .
- unregulated supply, numercus small variations are recorded wh:.ch,
- do not seem to have any bearing on the north course displacement.
'_'."-‘iWith the volume varying the pattern across the tape it will'be
nacessary to apply some correction to arrlve at =z flgure repre~
o ‘-"3senting trwe ratio’ af 14 to fN!, SR S

“‘f#hen the trace i8 néar the center of the cnart 2 B m:l
L i_.amperes, a course displacement of 2 degrees in space moves the
. trace width approximately 1" mllllamperes, or one division on-
-~ the chart, This does not hold true of the lower end, 0-1.5
. 'mllliamperes, or at the. hlgh end, 3,5 to 5,0 mllliamperes.

'Anerone.utics Adm:.nistrat:.on who helped to determine tlns v_ ue

g.1f1ed that 'the change m trace referred, to by Mr. leens had ::es
-'__:"fi‘rom & rotatlon of the enhre range pattern by 2 degrees a.nd that re £

: for greater dlspla,cements were not taken. ‘Thus, even t,hou,gh it 153 13

detemzne mathematlcally what the trace amplitud.a should 'be for
unts o rotation of the range pattern this 1nformat ion is of

valus m attemptmg 0 determme leg displacements where the rang

* The Selt Leke City Airweys Commnication Station.
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:Condition of the Salt ILake City Range on the Morning of ..-Novémberrl;.' |

- Tn'seékirg to determine the c'onditidn of the Salt ;ak'e_ Ci‘_b_j_r. radio. range '.

- af the timé 'Captain Fey was attempting to use it in his le-t-ﬂdown-:ﬁhfdug]'ﬁ' :
‘pro;:éd:u;‘; ;n the morning of November 4, we have the benefrb of extensrve

tesbimény and documentary evidence bearing upon this queﬁtlon.. This in-

) ‘, cludes the monitor reports of the radio sta.tlons respon31ble for monltorlng

the Salt lake range, the testimony of operators who made these reporis, the

B “testinony of maintenance personnel of 'bhe Cl‘n.l Aeronautlcs Admnlatratlon, g

'--L,.'-",tha testimony of pilots who flew the range on the morn:mg oi‘ l‘Tovember 4,

,_;'ar_ld the testimony of various radio engineers and_e:qoer‘ts. Thls eﬂdence

© will be summarized hereinagter.

¥onitor Reports

Gommunlcatlons Operator Andrefws was on duty as tne broadcastlng and B

‘;ﬁbmtc}rmg op ator at the ualt Lake C:L'by ulI“WaYS Com"mn.vatlons Sta.t:.on at

___"the “%mne oi‘ the acc1dent. I An@ews berran ms tcnxr of duty at :,,;A:OO'.p.m.;
.;.-ovember 3, and shcv_ld have becn relleved by Comunlcatlon:a Operator Daley
'at mid,nlgh’o. Uowever, havu g ovarslept Yr. *‘aley dld no’s arrlve a:b 'bhe

: statmn untll 5 OO a.m. s love'nbor by amu ?r." nndrews, 'thﬂrefore, re"xalned
-onl j..du.ty untll shortly ai“ter that tlm.' From 1, 100 p.m. un’wl 8 00 p m., Nov\-
5 efnber 3, Ir. Andrr—*'ws ¥as on the broaacast watch from 8 OO p.’n. untﬂl mld:—- -
'.nlght he was on the teletyae watch and, upon tle i‘allure of s Daley to re—- _
"}rt i‘or du'ty at mldnlgh“t Lr. Andre\.s agam took tha broadcast watch and as

ted above 5 cont:.nued on tha't, watah untll anpromxately 5 05 a.m. oi‘ November"":';

Andrews test:.fn.ed that durlng the pemod he vas on the broadcast

te on --‘November 4—-—nm.dnlgnﬁ to 5 05 a.m.——-he mom. ored the Salt Lake :r‘ange

3223 a'n" l 24 a.n‘\., 2 24, aol"o, 24!1- acm-, al’ld &5 24 &.m., .t'}}-at he
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;'L:-recelved a faint "N awrally each time, and observed that the operatm waﬂ
normal Durlng this entlre neriod he was unable to make use of the visual
"md:x.catlng ‘meter because, due to static conditions, the needle of t‘ne meter
' deflected all over the scale. ¥r, Andrews testified that he had néver. ex—
perienced static conditions at the Salt Iake City station as severe as the¥.
were 6n that night. The statdic conditions were sufficiently severe to 131‘13‘31"
© fére with aural monitoring of the range, as well as with the visual momtor-
- ing. The stzi‘tic receivedré)n what- Y¥r. Andrews veferred to as the high 'fz‘é-'.-_
' quencn.es--—1.e. s 3105, 4495 az!d 6210 kilocycls—was generaily heav:Ler than
- that rece:wcd on the mter‘nedlate frequencies. Asked whether or mt- in hls
opinion, what he {thought he heard as a faint "' might have been a fa::_nt “A’

¥r. Andrews replied:
- "Tn regards tg that, as I say, the faint ! was hcard
- under static conditions and I believe, to the best of my
- kndoledge thot it wes a faint tN'y Hovver, in copying a
©.gignal under the static conditioms your accuracy ig not ds
good a8 it would be under norma] conditions where you bive
S.a good clear Slgl'lc..l " :

Li‘r. A_Lton J. Daley, Cormwmications Operator ’ testified that he ha.d the

broadcast and monltorlng vatch of 'bhe Salt Lake station for the perlod fr{m

B 5,057a..m. to 8:00 a,m,, Fovembor 4, 1940. ¥r, Daley arrived a‘t the Sal“!: Iak,,

o statidh a{;.appro;x:imtely S-OO 2ell, ON I\'iovember A and took over the. broadcast—

| 11'18' and monltorlng du‘bles fron ¥r. Andrews. He stated that at the ‘blmse 6:{'

e B talcmg over the watch there was no mdlcatlon of any abnormcllty at :’::he

: _staﬁhl'on,_ Wl h the possﬁblc ClCGp‘thn c:f the log notatlons concernlng statlc

: ‘-"3:._'-coridi1-;icns. ’Goth:mg snusnal occurred, to his knowledge, wntil 51 3’? a.m.,

: -._".'_'._then t‘ne Aerays Et:‘azflc Control Office at Salt Iake called on the mter—p}m

c:trcu:.t and statud that the ualt lake ramge. had bwn reported as. op r&ting



=43 -

SRS "ﬁproper'ly; which report-had apparently .been"made'?by hited since. -th'e_Uni_téd
" dispatch ‘of ficé telephoricd ¥r, Daley two minutes later te advise him that oﬁe% .
of 4heir pilots had réported the malfunctioning by radic. Mr. Daley irﬁmedi-'._' :

ately monitored the north leg and received a-light. to moderate 'fA“ signal

instead of the normal light "Nf. This was tho finst’ tire he had monitored

the north leg since he had come on duby that ‘x;loi‘niﬁg bacausc s due to ﬁhe g .:. .

- press of other business, he had failed to monitor ‘as scheduled at .5:24. a‘.m.‘_. '

At 5:45 a.m. ;-.I-,*Lr'. Daley attempted, by télephone, to contact Mr, Falker,

- the senior o'porafo'r s &t his home but was unable to roach him. At 5:47 Mr".. .

. Daley attompted to ecall Mr. Davis, the oporator in charge of: the station,. at

‘his home but again was wable to cormplete his eall, Ai"t-cr_ he had completed "

the 5:48 broadcast, Mr. Daley telephoned Mr. Davis—at 5:52--and gave hin

- the report regarding the range. ¥r. Davis requested ¥, Taley to obtain re—-

: pOI!ts from the distant monitor stations. ‘Prior to his ccaﬁvefsatibﬁ nthl.{r« .k

- Davis, Mr. Daley had requested a monitor report Ffrom the ’.ﬂnciovor ntatz,on

“but due to the fact that the othor circuits at the moment w ere busy, he had

© _not sent requests for monitor reports.to Tintic and Plymouth. At a.pprozaﬂ

: mately 5:58, Mr. Daley called r. Givens, the Haintenance EZlectriclan, and
- advised him of the reported malfunctioning of the range and about the same .
“time requested Tintie by teletype to monitor the Salt Iske City rangc. |

- Reports were received from Tiendover at apz.aroximately 6:04 and from Ti.n.tic_ :

':_ shortly thereafter; hoth stating that the Salt Iake City range vas normal. .

ﬁi a.pproxi-.l:nately 6130 el 4 Hra Dal ey riquested a monitor remrt from -

'-Q-Plymouth and, after at first reporting that the rangs was normal, Plymou‘hh : =

"-*:‘:..,;;:adnsed about 6:55 Aellle “that thc rangec ws abnomql. Accordlng to ?&rﬁ‘.

s _Daley's test:unony this was the first outlymg qtatlon mcnltor report tha‘b
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.ind:»:scated maafmwtieningof the rango. A 7: :00 a.me or a little thereafbal‘,
_hr. Dalay informed Mr. Davis, who had arrived atb: the (}c‘mmucatmns ﬂtat:.m,
of hi's‘ ;ac_ti;r’iti':ss' and Mr..Davis tookichargo. About 8:00 a.m., M;a;;-g;_lmﬁgi-» .
“the i%éintenance Eloctrician, arrived at the. Adrways. Gumuns.catmzas&e:bion
- and ‘reported to ¥r. Davis that he hadicheckod the rangs and bad: fmmd tm
the .comrses werd” dlsplac"‘d and “that -bhe- range MS Punclhioning: abmlly.
Mrs I}aviu then issued-a - gemral by t}ﬁ:cugh a-Yfotice to’ ﬁzrm‘*?“‘whi& '

was broade,a.ot from the oalt ﬁaim rangs b 3-?2 a.m. S

S . John Monroe RBradford, As":.s bant. Cmnmmcata.ms Qp&raiﬁer f :

Tmt:.l.c s Utah-,_ range station during the poried fron' n:tcm;g"rt t-o S&E}foa 5. P

November by 1940. Mrs Bradford stated that ho had monrborcd %ha Sa% iafk:%

sr*mt.mn s and had detected no. abnorr:ality 4n -P,ha signalss ﬁomm _

,7 ‘33 a.m.; uhlc. momtor:mg on:his nsual schedule, he recoived a mMate “,&“;
a.nsisead of' Lh@ normal light "', Wi Bradford stated that tais,.“ﬁ.t' hadr the
sane prcarw:l_mncﬂ over the “I\“’ as tho "N normally had over the WA, He
’i:-GStlflud 02t he was unable to notlfy the Salt lake station that: t.l‘.e ._al‘h
L&ke City ran;rc was nal f‘J"lC‘blGﬂLLg, as required by regulations of . f.he Cisn.i :
.&orormtlcg 4(3}&4."‘1“4 ratwl, necauss the tel ”bypf‘ circuit over which Gcmﬂ. .
cwb:.c.ms arn ent ":-:*"al':e..-n ;m'f ".nd falt Iake ma out of order, a matte:r
'ahlch gfr. Br'ta__ﬂm ulSC‘L_SSQﬁ oy telcphcn L th the propor 'teletype malntenam

aﬁ‘wc ,.n Sal* ' Iﬁz{e Ci“v u.‘ba’?elﬁ} addin brt‘:r%r that service :ﬁght~be re

hshed,ﬁ%'.aéfer{{ wa g remxei?ui fror his va'tch at 8:00 v,
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-_-_notified tho Salt Iake station of the result of the monitoring pérformed

at Tintic a short time aftor 8:48 ¢ 2.rs ¥hon tho tGthjDO circuit was rﬂstored
to normal opecratiom,

Josoph Dunato, A951dtant Com*mnlcatlo*s Operator for the Civil Aero-~
.nautlcs Admlnlstrailov, was on duty at the Tendover station from 1:00 Qefle
until 9:00 a.n., ﬁovembcr by 1940. ﬁr. Dﬁnato tostificd tﬁat during his
téur of duty at the Wendover station on thc norning of Pov0mber 4 he monltore§ }
:tno Salt Iake range at tho scheduled ﬂ0ﬁ1tor DLTlGdS—~37111PUt“S past each
;hOﬂr—wﬂnd that at no time 4id he receive a 51vnal fron the Sa;t Iake range  :.
' éther-than the norral "A%, 1o toatlfl d that at 5 39 he was requested by
iSalt Take to. monltor that -*ﬂt ald that in response to this re quest he ;f
' .monltored for a.boht elgnt ""11‘111‘13"3 dm:'lng J’*:Lch tire he r\.celved ‘bhe usual -

."A" signal ard tanefore conciuded.thmt the galt Taﬁe range was o;uratlng
'ﬁ.normally. He 1dv1sed Salt Lﬁ?& to thls efzoct 1.J,d11tcly tnuroaftﬁr,'"'*rzh'iﬁ:
| kr. Thomas O.‘Se551ans, Asslstant Gonmunlcatlols Oporuuﬂr for tbh '

-  CiﬁilrAeronautics.Administréﬁion, was on duty.from.midnight to SiOO AT,
November ;4, .1940,”3_’5 the range s‘batién at ?].}nﬁouth-, Uté.h.' 7. I'r. Sessions
testified that he nonitorcd ti. Szlt Iake range at the.prescribgdrtimes _

~ during the ontire poriod he was on ‘-.'.ratch. and that until a‘bou‘b '6:3’7 a;m. he
' r@céiﬁed +the usua1 N giemals u‘lcq indicated that the range was opbratlng j" :
'..nérmallj. Just before 62 34 2eMey Er. 80551ons received a ruquest +’romSa.?d;
V_Lake for special mnnltorlng cf th{t ranre end he monztored for a pcrlod_of -
.;“thmee mlnutcs durlng Mhlch tluc the “F“ Slgnal rccelved xnalcatea th 2t tgé 5
‘ 'V_rrra.nge‘was no:mal. | ur.. Sesqums irm Gdldtel" advised the Sali La.ke utatlon
l;iﬁhaf.fﬁé Tangsc 1as omﬂﬂatiPE nor ﬁﬂlly ‘bt that huavg snow static was. bE1ng

*frgceived, Abaut three nlnntes later,; however, he again listensd to the Salt o
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lake range and discovered tnat the north 1eg of the range wasg sm.nglng.

':_Vz’hen he bcgan 11°tem.ng e received what he belleved to be a falnt ﬂ]“‘!: e
but ai'tﬂr approxizately two r-hir;ufes he recelv-ed a faln‘b “A". Then 1t chﬂng&‘l
to the nornal faint "¥" for a short tine, aftoer w‘wlc‘q 11: agaln swung over -
to a. :{‘amt "A" 'md agarently continued to be a faint MAn for the rersa.lndef
of the tim‘ E;Er. -Scss:Lor%s listened. Hr. Sessmns 1r.7wod1ate?y_ adv:Lsed Salt
Iakc by mang of the tulOtVPD c:chu:Lt of the sn.rgmg of the ra*loe. 'He
contlrued tf) mon:.tor 'bhc Salt Iake range whamver he hpc a chance ané. t.es—
tlfled tnat rnth tl"e excoption of onec pmrlod when it cmqu back to nornal ::

.f.'or Just a minute", the :Lgral received ab Pl‘,zrou“h was a modcra‘be "A" :
Mr. SOSS:LOH"-‘ tcs‘tlflud that dtrr':mg hMs crtlr vateh the 51gnals recezvbd

| fron thc Salt Iake ravge werc of norral intensity. Fe oxpcr:.enccd heavy
l,static dur:mg his xatcra, SonC of which he clasclfled as snow etat:.c.

“ Thc Plynouth "Dull'f Com*anlcat‘;or!o neport" and the “’lar!'rc Momt.;r ?emrt"
"'.‘co*’mr:ng the pcrlod oi‘ Hr, Sessmr‘s' watch on the morning of }ovember 4., :Ln-
?dicatc tha:i; ccrtaln ﬁutz.cs were pc,rforvvxd durlng the porlod from 5 OO a.m
B to 6 OO a.n., vhe*eas the cor“csmr}dmg toloth'wr:z.ter recorus on rlézicl'* ti*»s
:'tlms az'e sta'ﬂpr,d autm’ntlcaqu, indicate t"lat these dutics were perfarmed
durmg ”r,ht. va‘lO’.{ from 6:00 a.n to 7:00 a.m, In O}Lpla:mmg tht,se dlscrepan—
jcies ‘r. Sess:.ons 'b{, stificd t‘aat He had “mrtambd "qcratch" 1og durlng !:us

'fmtt;"x azm transi‘“rr d the G“tli‘us frﬂn thig rohgh loo' to tbe offlclal log

he cane of‘“ watch at g 00 a.m, r{c stated that - in mkmg thls traﬁsfer e

ad . apnareptly changod t"lc. 1rzulcated twes b,,r one hnur and nad o:m.tted o

_'hls records all ac‘tl‘\fltla,s whlch had taken placn i‘rm 5 .00 a.a.. to
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‘Even though he knew that an airplane had been unréported in the Salt Iake
. City drca during his watch, he destréyed'his scratc_:h log after flnishlng
his watch with the result that this period—5:00 2., to 6:00 a,me—can
‘be reconstructed only from his il A ’

#r, Scssions! log as corrected by him auriﬁg his test-imény doeé not
therefore include cntries concerning the monitoring of the Salt lake range
a,{. the schedulsd monitoring time of 5:46 a.n. However, he_wéis quite posi-
tive -tﬁat he had monitored the Salt Iake range at 5:46 a,m. and that the
- operation of thc range at that tine had been nornal, Mr. Sessions 'i‘u.rthérl
stated that there was no doubt in his nind that had a"fz'zint A" been present
at sone time prior to 6:46 a.m., he would have noticed it since in i:réathér '
of the type prevailing on the noruing of Moveuber 4, he ﬁsual];} non’itored -~
'hhe 5alt lake range at pcrlods nob oxceedmg twenty ranutes apart. Speclflu— 2
cally, he romerbered mon:Ltorlng ‘the range at 6:05 or é 06 and observmg t.hat
f~the range vas operating norr;ally. - . L :

: Pllot chor‘ts

- In attenpting to deternme the angmnent of the Salt Lal' range irmne'di.ﬁ'.
ately before and after the accident on tho'mofn_ing of Novamber 4, 1940, 7
' testimctny vas taken from a number of airline pilots who had made use of the
range during those peridds. _

' Gaptam JOrvis ¥, Nelson of United f1e1. that ccmpany’s Trip 4 oi’ \ovemberi

:. 3, 1940 fron Oakland t¢ Salt: Take City, arriving there at 11:16 Dot
'-It was neeessary for h:.n to work a- let-down procedare at Salt Iake s usug
'--_.the north 1eg of t}*e Salt lake Clty rangu. _ e tec_:k ‘bearings from $ire to_-

_"blma. and, in so far as he -coul_d tell, the leg was properly aligned.



-

~ 48 =
_ Gapta,ln _‘Larl 3. u;'a.l-fhutt flew United's Trip 14 of November 3, 1940, _f;om--
.Portland Oregon, to Salt Lake City. The trip proceeded frem Portlaﬁd.ri;p:'a' |
normal manner to the Vi_cinity of Burley, Idaho. At Burley the fligh‘_b_ -
eﬁtered an overcast which appa.rcntly was brokon as Captain Garbutt testified
.that he located himself by groum‘l g&ntaot over Locomotive Springs, Utah,
and that he could sce a number of Bﬂ'&ﬁka when he was in the vicinity of .

Ogden. The flight intersected the hatth Jeg of the Salt lake range at ap-

_ proximately 12:17 a:m. in the vicinity of Ogden, Utah, whore, according to

Captaln _Gaz“bﬁtt's testimony, he could establish his position by reféren@_e*
0 -_'53_571'_3.87'1‘51113‘(1- ’ After 12:17 he was either in the cvercast or on top and:
-the.?éfgrE'. Captain Garbutt was unable definitely to lccate his position with-
v'res.péct to the grd@d. " After intersecting the north leg of the 'ran]gi_é_-_a-t

' Ogden, he ‘changed his heading so &s to follow the north leg into.the"raﬁge

'_'éﬁé;tidn,--c'x‘bssing the cone of silence at 12:28. The trip was requlre& to

hnld on the Salt Lake City range for abnut 40 minutes because of tra.ff1c and

: 'Durlng thls perlod radic bearings were taken on the Salt Lake ra.nge statmn
'j.'._'tn determlne, as & matter of routine, whether or not the north 1eg was’
-'_'propprly a-hgn:d and it was Captain Garbutt's opinion that the allgnment nf

the leg _-Wa'-s:,_no'rmai and that th_e rangé was functioning in all other r_es_pe;:_i;g,_ }

o ifm- & ?&tigfaéitory manner. At 1:08 a. m._; he crossed the Salt 'Lake'__c'fqiz;g",_é%;tfg-i' '

“s@d;pro¢eeded.eastwara tn-Denﬁev; Colorado,-rather thanrian&iné'at'_j

B e

":and trafi‘lc condl vlons, Gaptam Garbutt- was to be _hé

. du.ring tl:‘i:l.s: time Captain Garbutt flew back and forth on the north -leg--:bet-wee!; B

_,the cone of ¢llence and a point possibly six miles north of the Layton marker.r
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Ceptein Frank Edward Dace operated Western Air Express Trip 10 of
Yovember 3 which arrived in the wicinity of the Salt Lakse station about
midnight end remained there until 1:00 g,.n., Nevember 4, when, Decause of

weather and treffic conditicns, he returned to Las Tegas without landin

at Selt Lake, Captaln Dacs stated that bils flight was cover Tintic =

11:44 p,m, and that to the best of his memory he tuned in the Salt IL=ke
range at zprroximately 11:54 n.m, The flizht was at that time on instru-

nments and so far as Capbain Dace could defermins, the signsls whlcn he re=

24

ceived from- the Szlt Lake range indicate
was norial., The flisht continusd cn the south leg of the éange to‘ﬁhe

Salt Lakte csne of silence, arriving at that poins a$'12:08 a.m From this
time until 1:15 a.m 1., when he defuned his receiver from the Salt L ake rangs
cn his way back to Lag Vegas, Captein Dace ha been on the north, the west,
and the south legs of the range at varisus timas. Ee stated th&t iz s5 far

letermine, considering the fact that he was on 1nstruhaqts, the

Ceptoin Jranes Going flew United Air Linss Triprld of ¥ovenmber 3 from
Portland, Oregon, to Salt Lsake City, arrivine ovef the Salt Lake cone of
silence at 1:51 a.m, A nornel let-down procedurs was then ei cuted using
the north leg of the Salt Liake range, =ad the trip was on the ground at
2:03 a.n. Tia trip was on instruzents during the time'if was cn the north
leg and until the renge station was crossed on the final appreach.where the
lights of the field became visiltle, Eowever, Captgin Going stated that dur-

ing his let-down procedure he followed his usual prac ticé of checking the

aligament of the north leg of the Salt Lake range by use of his direction
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i‘mder a*ld :Li: wag his epinion that the bearing of this lcg wag in accordance
with the published beqri_ng within an accuracy of four degrees and that i‘raﬂ'e ,
ﬁhis infeormation be judged tha‘ﬁ thex north iég ,ras pré)porly aligned,
Captain Christenson, fly:mg bhitéd“'s I‘rip 11 from Denver, Colorado, to

alt LELw City, tuned £ the S.al’lo Take rarge when :mthe, Avj_ci:dit}’ of Coal»;
ville, Utah, at approximately 4:35 2.1, At this tiz;xe. a. héaij '.;'A” sig-:dél
with very Ilg‘ﬁ D{lck’?I‘QUI‘d was received tam Christ ensrzi'festrifi-é.d, how
ever, jl;hat ne was urabm 'to locaﬂ:ﬁ his D"Sl‘thl d\,frltoly wi H‘respégt to
_the groun @ due to the fact that he was on instruments or on too. Fr:m this
po:mt the ‘b ntlnucd tov ;'=rd Salt Iake on a 1‘“'1&1“5_; of 240 degreés_"and,
accord:mcr £a Ca ‘taﬂ_-l Creed, tcnc‘ nts ostlmt S, pas ed.1/16 to 1/8 of a mile

ch'n_rrr t fligsnt from Conldville
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_.tf\ th’* Sa.x.t Iake ?‘:L"gc ot'ltlm‘ ‘he ca*‘h!“u*d tu receive a heavy "A" szgnal.
Ai"_c ar cI-OSS:msr tae Salt Ls.zce aﬁge statlc:z, the trip_continued on the
heédﬁg; of 240 degrees wtil an ”E\‘"- ’qug‘:t was received, The headin,g was
.'rrth#::}n changed tamrd ’5th north and the ;: ip procseded acz;st t‘he on E:r{‘mi‘se_"
signal and ot irto t‘*c 1 4t qm:lrzmt where the heading »ms changed tc 2._5'37
degree" and *hﬁ flight ’“"‘oc oded osut the west 1og'. A'pprciximtely ,2.m'inutes
- ter cr-:)s:lrg the uuntﬂ ion, the trip broke raut" of the overcast c:zd the}_lghts
._ of Garficld ard the Saltair Déacon b“cve visible.’ ”’f‘tcr a 1cstboundf11g}m
Cof abé*t 7 pirvhos on tho wvest leg, 5 turn was made and the flighft pfbceed'e;i-,'
.eas*mrar along the vost 'leg. until the positive station loéatibn"rna;r'kér.'at the
;7 Sa.lt I.akn statinom tas recsiveds. Hove ab 5:04 a.m,, a 180;-des?ree t-ur.ﬁ-w_a{s ::j
Jn.::xa'@.; td-tf'zé Zeft and the west log again followed avay from the si;a.tmn. Sap-
'"t.{é.'iﬂ'"'C‘nI'is.tenson'tcs‘_aified that on '_t,‘::is: shuttle he did not cross 't_h;e“r'“.t?l_l?

i courue“ but £l "nostly in the heavisr 'A' twilight'.
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According {o'the radio log, Captain Christegéon répérted to”Dispatcher
'“Eﬁsdn at 5}68 thét he was over Garfield (a larpe smelter 12 miles south
southwest of the Salt Léke range station and bearine about 25 degrées south
of the published béaring of the west leg) and that the‘clouds were well
broken so that he could see lights end béacons on the ground. UHe testified
thst at fhis'timé he became particularly suspicioué of the range bééausé "7
knew the course I héd flown écross there would have given us soﬁm indication'_'
" of the '¥' twilight and we were receiving noneﬁ.
According to Captain Chris%enson's testimony, he returned fo the_salt
Ia¥e cone, arriving at that point at 5:29.. During this éhuttle, at'5:20 a.m,t'
gaptain Christenson sdvised Diépatcher Edson that he wouldVbegin,a,standard ﬂ..
instrument approach at-S:SO and at 5:24 Dispatcher Edson transmitted to'ﬁimgﬂ'
_ﬁis sirway Traffic control ¢lééfance for such an approach.'vabéui that-€5 3:' 
tiﬁe Captain Morton df Tfipyg;rwho'wés thén northéast_df salt'iaké.cgt%,f f s
contacfed caétain Christénéﬁﬁ b fadip and requested infdrmaﬁioﬁ éoﬁcérﬁing;Hd
the heading which Trip 11 had flown from Fort Bridger to Salt Iake. . Capt'aﬁ'."ri;"_
Chrisi:enson replied tor Tr'i'p 9 that the maeretic headings from qut' E?;Eidée_r.. ._
' t0 Coalville had been 255.t0 253 degrées, and from Co&lville over the fielﬁ B
had beern 240 degrees. Aébéréi 1 to his testimony, Captain Christenson aw
" that time also stated to Captain;ﬁbrfon thai he was suspiciocus of the range.
anﬁ'would.check further and give nis a positivé answer. |
Tmmedistely after passing the range station at 5:29, Trip 11 reported

. thaé hé had crbssed.the_stationjét'512§ aely, was prOCeeding cut 1 he éoufh
-"i lég; and_ﬁould return over fhé pone:ét'll;oﬁﬂ feat, apparently igdicating. ': } 

 thet he was beginning a stanﬂard-instrunmnt approach. From the station the .
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-fli_ght urned toward the south in order bo 1ntersect ’che south leg and as-_
_sumed a heading of 210 degrees, This heading was neld untll 5134 a.m., or
app_roitimatély 5 mimtes after rassing the Salt Ieke cgne, which should ha‘:er.
-pPlaced the airplane well within the southwest or qﬁédrant.. Captain
._'Christensb_n test.ified that about this time he broke out of the overcast
and observed that he was & to 4 miles northeast of Binpharﬁ Canvlon which
point bears from the ..,alt lake station sbout 22 dogrees west of the noma}.
south lez and is w1th1_n the- southwest nim Quadrant. At that tlmo he was
rg.;et_t ing an "A" signel., fHere a turn was made and a heading of 30 degrees
aé’sﬁmad to a point at which the south leg of the rance normally would be’.
.At- t_his point another turn was exXecuted which producgad‘a flisht path |
diagohally"acros.s- the normal southwest ouadrant to the normél pésition of"
:_ __the west leg at which: pomt ancthar ghuttle was comnleted on the v*esi leg. _
; f"he trlp +hen proceeded to tqe &11‘_901‘13 again cuttang aCI‘OSS ti:{e sou‘l:‘r.—'
"_-'-_:.:w.est Quadranu,. and landed at 6:05 a.m, Captain Chrlsfenson test:.fled that

k 'd.url‘l(' hls Tlight from a point which he 1dem;1f1f='d as 3 or 4 rules northw |
ggisi; _of Blngham Ganyon to the 8alt Lakxe airport, he received ",A" s._igna'ls

'only, wuh the exseption of an area which he estlmated to 3ie 8 deg;rees sou“
- ‘.;‘?; the normal west leg in which a "monotone" signal ﬁés- received He furthe;
.:_git.atigd that tﬁei‘e were i sigmals on each side oi this area of morotone 7? 7
51gnal | o

{:E{p:{;a;in Francis A. }{ortoﬁ flew United's 7rip 9 oi‘ I\fovember 3 'from g

C eyé'ﬁxie' ?-eromina +to $alt lake City. e testilied that TTip 9 proeeeﬁeﬂ

;;Wlth_; u’c 11‘2(: idem; until about 5:17.a..1, when he redched a point approximate_q
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"1 minutes west of Fort Bridger, Wyoming., He then tuned his range receiver
-from th° Fort prideer range to the Salt Lake range. He stated that at that -
location he normally heard a swinging range with Poth nirrse and "ﬂ's" and
mon coursen signals being recei#ed oveD a period of a short time., Imwever,_
n this oeccasion, according to his testimony, he received an "off course A"
with practically no buckground (sirong "An signal). The identification
signals wers garbled to t he extent that ke at Tirst thourht he was experiené;
- ing interference from sgnm oﬁher'rangu. Pe cheneed the headine of his flight
to 270 d?%rees in an attompt to loeate the east lep of the Salt Iake Tange,
which, ;ccording to the signals he reseived, should have been well to the
nerth, A% ﬂprox1mmtely 5122 a.;., ne definitely estatlished his positioﬁ
5y ground contact as being slightly north of fvanston, Wyoming, which'is
-'wéll in {he northeast or "m" quaﬁraat of the. Salt lake City range. From

:fthls point he maintained a heading of 270 degrees, utlll ¢eeklng the east

leg according to his testiuony, flying for the most part «bove tbe overcast
vntil he rm-cued the vicinity of Ozden, Utah, ahout 5:40 a.m. There_he
z conld sec throueh breaks in the ov%rcast the beacoﬁ on Promontcryﬁpqiﬁi,
;éveral peacons in the valley, and the lirhts of Salt Lake:City. During

51 entire time, aecbrdiné to captain Forton5s testimony, hé received ncth;
fiiﬁg from the Sult Lake runge but "off course A" signals wiﬁh only one identi-
'ficakion siprnzl, Afier possing ocden. he was able to lecate nimself def initeiy_:r
bty reference to the grdund. Ho then chhnaed 1q heading to aﬁpr011mutely

:_189 dagreés Which.twought_him'to the vicinity of the emergency field_at-
[f”GxéntSVilla; T4ah, Cu,tain_3brteﬁ:stated_that ut this ?oint he wos receiviﬁgi;;,

-~ waat he judeed to be & Talrly close twilisht mi" sisnal but that he could nob”
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ééy-fthat he did at. any time receive an "on course® signal. 1In the v1cu1it3"
: Of' Gfantsﬁi-lle he léstvalﬁitude by spiraling and proceeded by visual Gnntas";
into the'galt Take- 0ity Adjport where he laznded at 6: 28 a el L -
‘Gaptain Stuart D, Baird flew Unitedts Trip 7 of MNovember 4 from Denver,r
‘s Co-l'oradc, to salt :Lzke City., The trip departed from Denver at 4:30 a.rm_;_ _?_:'}‘1_-
the morning of ¥ovember 4 and passed over Evanston, Wyoming, in _qonta'ct;_,.f 1}“
._ing. conditions about 7:1@;_;1’.-'}‘&. A% that point the salt Iake range wastuneli -_
1n on the répular beacon reﬁéiver and an "a* sienal with no buclﬁzround was
‘received. rfh(. flight continued toward salt Lake, making use of the, west leﬂ
of the:Fort Bridger range ingtead of the cast log of the 3salt Lake ranpe
" plase ‘they nearly coincide. Captsin paird stated that normally anj"pré_f- )-rsiigﬁal
would b¢ received from Salt Leke when flying on the west lee of tl&e Wdﬁ
- ﬁfidgﬁf x‘ange'._ #owever during the remalnder of the Tlight to the salt La]{u
. oone of s:l.lence 7 he cher'ked the galt Iake range from time to tlme and I‘ac-,.,,r:--

ed nothlnﬂr but "A" mgnuls. The Illg—ht passed over Salt Lake at 7: Sl a.m.': ;'

.;,

qnd recelved 3 norml 31gnul from the positive station location marker. iTi‘-e—_

'fllvh» had been above a solid overcast from a point just west of EVanStOﬁ

| un+il ﬁter pasamg over the Salt Take range, at which tlme bre dKS lll th&
overc.@st became visible in the ‘IlClnltY gf stansbury Island and a let'dcm, _’ -
""’& ma ds 131 tna cla;r in: thl ‘vieinity and the trip proceeded on c‘mtaCt t{}

o tni Sa L‘ke AlI‘DOI‘t where a la"ldlz‘.g’ was mede at 7:59 a,m.:

:-‘-'--r_i_Jg_;_n;"a:i_n D. R. Poity, Assistant Supsrinﬁcndent of Flight operations for -

ed, to8tiricd comeerning 3 Flirht tost.of the Salt Lake rangs mads by .




him on the mornins of Fovembor 4, 1940. =®murly on the norning of November 4

Y- Captain petty mede a2 flisht for the purpose of searching for Trip 16 and in

thé course of this flisht; mude observations concerning the zlighment of the

&

“gal% Iake rangé., The zirplans usced in the flight wus o DC~3 beloneing to

mtted snd the r&dio cquinment was similer to thut abourd 3¢ 16086 aﬁ the
“time that airplsne crached.  after tuku-off ot 8:25 a.ﬂ-,.WhiCh.w&aiﬁade tb_ﬂ'
“the north on the riorth-scuth rumwey, the moaeoc gtetion was_cirglod_in 2
clockwise diresction wt & r.dius WpproXimetely onc-Hulf mile. (Captain
Pebtty testificd that he received win sienlls sli du"lur this clrclﬁ except
“somevhere in the southwost quudrant whore ho reeciviod what rgggmb}qﬁ.an'"0n  J
soursen sipnal.  Cepiain Petdy contimgud to ci l tha r.nge in thgusamEVr
dirsetion but ineressed thu. rud1u; of t“J 2ircle. to ¢P?r0XlﬂutP1j four mlles_
and practically the sume sisnals wer&?rnceived,: A,turﬁ wus_then mgdg and: 3
i;;the ronge. cireled -in a caunte“-C1ockw1se dircetion one nnd onb~hhlf tlmeSi ;
with s vodius of cpproximitely four nilos ;nd.aauighﬁhe.szms;Si@@é}ﬁ‘ﬂére'
reccived.  Captain Petty wes uwnebie.to locits precisely tha;;ré@ in_whiéﬁ
he had recceived an "on. course" signul bub bolicved that 1t 21rht Have Heen
anproximcicly 25 dearcsus gouth of the pgblisngd ocation of the west lbg;
He deseribed the slgn.ls rocuived in cn;s “on,courS‘"_are& aS-E¢ing aiiher
"on gourse" or wtwilight An signads with mav qu.drants on egghjsideﬁ' e
thought & nfow sceonds" cl.nsud while b fiew threoush this ares.

LAt tho apmplgtionrof thoe last portion o?_ths_countgr-ciockwisa dirc1e}

 Ahe flisht procecdsd out whod would moym:lly be the north log until it
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"'1'-*3:;=r.che."'q the vi'c'ini*';;'r‘of La.w}ton w_};;e_are a procedure turn was nade and: ajiheadiﬂé:'
¢f 110 degrees wes assumed Dﬁring‘ the entire flight up to this poi-nt,—" j'
“visual cortact had been naintained but as the mountains were approached on .
the llondegree haad.mg, the fl].ght went between a higher and Tower overcast
“When the moun’&'ams vere ap’)roaChed at an altitude of approximately 7, OOG -
feet, signa;lis:“ﬁeﬁ recelved which appeared. o be Miwilight .A" sa.gna.ls ami
these continued as the flwht turned south and flew parallel mth the ?Iasafrch
Mountains, = The flight-ran out of the lower overcast in the v1c1ni-ty:pf_'
" the town of Wood Cross where a pronounced "A" was received instead ofth_e'1 7
" twﬂigm A" which had been heard wp to that time. The f1ight then ;pro-—_’::
ceeded under contact conditi.&ns_ around the 7,000-foot contour line':'- of ialaick
Meuntam, whlcn is dzrectlv on the normsl east leg of the: Salt I-ak‘e rangef )

and. after follow:.ng thls cogtour 11ne well into the normal southsas‘b qua.d.raui

of the rsmge cut across to the noraai nesition of the south lag’ °f t—,he :'

?"'range and nroceeded in a ﬁorthcrly direction into the alrnort and lamled at

"OO'a- . Fron Wood Cross until the alrplane 1anded, no signals, accordlng

T to the testmouy iven by Captain Pettly, were recelved other than ".a." sxgnzl..

- Captain Paul W, Fornan, a United capta:.n, acconpanied Captaln Pett:f cn

the flight of’ Novemer 4 and his testlmony concerning ‘the flight in quest:.{m
'agreerl except 1'1 ninor details, wlth that given by Captain Petty.' Cc-ncerzi- _
fthe locstlon of the na ﬁWJ.llf"htS" and Yon course“ si,srnals w}nch were

.".ih6ard n the soutl*west quadrant Ca“)t&‘in Noman est imated the location cf

-thi's signal araa as Yeing aﬂf‘rcxmately 20° degrees south of the normal ’a‘est

'-i;FOf Gapt'ain etty. Gaptain Norma.. furtner sta,ted that 1t seemed. t
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course' intensity the "A" was still readable. Captain Norman stated that .
several eeconds elapsed while th%y.fleﬁvﬁhrough this aren and that it seemed
to be wider than-a normal "on course cowtting the’ time wheh he deparbed from
a strong ”ﬂ“.un£il hé arrived again'in the stfbﬁfL“AWFngnéI3'”Coﬁéerniﬁg the
area of "A tw171ght" in the northeast quadrant which Captain Petty had dis- |
cuusﬁd it was Caﬂtalp Lorman's impression that this 'signal ‘area did not ex—
.'tena westward fram the mountain range to the extent'that Captain Petty had
indicated, | |

Mr; Fred ﬁ. Kelly, Chlbf Pilot for Wostern Air Express Corporation,
tesfified éoﬁcernine a flight made on the morninz of November 4 dwring which
- he ob srved thu allgnmant of the Sa‘t Laka radio range, ‘The flight was @ade
in a Dou:laé Dbm*.alrnlane be ;onglna to Heste“n Alr uxuress and Captain |
Wooster ana erst.Officer Lofller, both empléyeés'éf'Weéfern Afr Express,
were aboé.rd.

Thu f11 cht toof of T at annIOViﬂatﬁly 9:05 a,m=, in a northerly dlrection
and,passea upprOTlmatSlJ 100 to 130 ycrds sast of the ranze sthtlon. Mr,
KeL_y testlfled thﬂt as tny ran&e station was zpproached, the siznals becane
whot apééared fo be an "on courssh siznal, and as the filisht continued north-
ward irnto the nﬁrfheasﬁlqué&rant, the Siﬁﬁals chénged'tc a Wtwilight! then
f?lei izto a predomi:ént.“ﬁ" éignal. Proceediﬁé for two or three miles in &
nostherly Ll“entloh, a tu*n to th weét ﬁas mn*e and as theflight approached
vhai woulu nc rwal*v be the north leg 5f the ratgs, the signzl assubed the
character of a broad "A tW1+1 ht" qq& thgn chaned back into o ‘prunounced

"AM,  After having flown in a westcrly direction for about five miles, the

* A Douglas DC-3 slecper airplane,
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alrplane was turned to the south and somewhere in the v1cin1ty of the pub-

llshed 1ocat ion of the west leg of the range, there was found a broad arsa

of “on course" sig naJ. wkich changed into an "A twilight" as the flifzhi'.' con-

tmu ad swthward Mr, Eelly stated that he tried narticularly to ,*otlce '

- vhether or not he could receive an "N“ signal, knowing that ths pos:Ltlon- of

_ _t_;h:e alrplane with respect to the range statlon was such that an "W¥ signal

' should be received, However, he failed to receive anything other than an

"A“ s:;g'nal - As the flight proceeded southward a reczsiver was kept tuned

to t"le Salt Lake station and the Salt Laku sicnals were received contlnuguslg

»_up‘gll_the airplane was in the vicinity of Tintic, which is about 60 miles

sou.th of §=21t Laks, Dui-ing this entire time AV signals were beingf received
chry ()lasr Hollenbeck was captain of Western Air Express Tr:.p 16 of

NO'VLmbEI' 4 which departed Salt lLake at 9: lD AT, Novanber 4, ;lft-er ca.rclug

~ ‘the range towers at a radius of approxrqately one and one-—half milx,st‘-he '

o tnp. procesded sauthward toward Las Vegas and Burbank, Gaptam Eollenheck

' testified that during this circle of the range towérs he rece:.ved nothmgr

_but rar si,ﬂ‘nals except"' for a zone of '""bwii'i‘c-ht" and steady monotone signals

R Wthh he estm&tud to be at a beari*:g o*‘ 20 degrues from the station._ He"-

d:Ld *mt at a.uy t:me heax an “N“ ‘51g~1al & Ihe mnal which he recewed sa-emed

te be of nnrma" 1ni;ensity and except for t"le absence of MM mgnals, the

Signals radlatea by tha range station appeared 'to be normal. After mak‘l-ng

de scr:ﬁed above, ‘the flight proceeded southward follewlng 2 fliéﬁ‘

" to the W-Sst of the normal loca‘tion of the south leg o_f thg sg}__; ¥
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Conditioa of Zquipment at Range Staticn.

ir. Charles 3. Givens, Principal Redio jlectrlr:la.n in Charge cof .'aia.lnten,..
ance of the radio and teletype facilities for the Civil Aerenoutics Adninis—
tration 2t Salt Lake,.was ealled, in accordance with establis_ngﬁ Civil Aero-
nautics Administration procedure, to investigate _th_e_repor't.ec._i malfunctlonlng
of the Salt Lske range on the morning of November 4, 1940. Hé was _notifiréd L
at a.ppréximateljf 6:00 a.m. and soon thereafter proceeded to the range s_-i_;atiozil_t
Upon entering the range buildiné, ke no;iced that tne tape .of ri;h.e_ Esterling%
Angus a,u‘_ooma.tic. ‘remote monitor rQCQrdér %:as.;beginning_ to pile ﬁp_._- which_ d_ifi:‘j.e
culty hé immedié,tely cleared. At the same time, D-‘Il.e re_adjusted. the ggin cf the
line amplifiex; of the autowmatic recorder se that the trace was retm‘ned to |
mld—-sccs.lc-* He then read the mebérs Whlch 1nd1cate the current 1n the coupllng

unils and notec that the "Af Teading was 1:10 and the "NV readlﬂé: 0. so where— B

'as the nor.nal rea_dlngs should have been (apprommately) “11" 1.-’35 and “’i“ 1 30._‘

He Operated the dia}.lng _mechanism 80 th?,t th_e_ t._ra;n_s.-‘!i_tter- ng.}qh ._wz?.s_ -t_hen _;l_n o
-operation«—Tranémitter Wo. 78—--wasl turneé of £ and the othertransmtter__ ;_
ﬂ;ransmitter No. 7—was started up. Another ré_ading of the meters srh‘owed..
that with :E[‘ransmitter No. 7 in operation the cu;_rrent' in the'. "';_af‘ ci:cu_it ?':ag'
.71.05 v\_rhile the cu.rrent. in the "N» circuit was 0.5. -Since these readings dit.i...
not i.n_dicat.e any transm_.ipter defects, he dialed_l’;-a;:{_s;;itter. Ho. .’?" 'r_‘:ff and 1'6‘"
.turned Transmittér No. 8 to operat.i_r_;x;. . |

Mr. G_iven_s the?l i.nspected the various _t_pm_a_r;",. Eé found that 'ét the _north— a
ea.st i;ojﬁr_é_xj the cerﬁ:_ér dnsulator was bri_dgéd across by -sn:pw and the corner |

*As o ﬁ_he: necessity for this adjustament, -sée page 66.
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1nsulators had snow on the rain shields and arownd- the oc,se, bu:‘.s‘ w'eréf-no‘i‘.:*-:*:'f-{*-;f
bridged bver.i At the northwest to%:er', he found that one cornér insﬁiatoi:":
was bridged. 4n inspection of the other ltfcwerrs revealed that none of the
insulators were bridged by snow.

Wr. Givens then checked the tuning dials ifn the range building to ées -

that these dials had been properly adjusted and tried tuning the "' primary

.while"'obsérving'the W ‘{.;:I%istér deflections. He found t'.ﬁat vheh the .c.lial was
turned about 15 ﬁ;_agrees to the high-frequency side (of the sebting on which
'-i_t'- ﬁa‘é.é.'t'trhat tizie), the "J¢ -m'eter deflections were approxim'atély: the sé:ﬁe -
as ﬁhe MAY peter deflections. However, he returned the dial to its ori:gina_l""v'
pog-it-ion'.-. ' |

Fe then proceedea to the northeast tower and remoﬂng tqe .cover from
'the tunlng nouse, opened tne sbunt wh 1ch :Ls normall;,r around the radio fre-—
rquency a.zm.:eter and. not1ced. that there was a deflnlte movenent of the needle,
5 .but the.t 1t v:as belew the flrst lelSlOIl, 1.e., one ak.pere. He alsgo cnecked
,:'V-the tunlng d1als and found that t*ey were in their nroner detents, He made -
_lrthe sane ,.;eter reauing at the southwest tower and found that althoueh the |
:I:-_:icurrent here was sllghtly ore-tha.n that in the northeast tower, it v.{as'- St—lli.f

'-.'_’below the f 1rst graduatlon——and tnerei‘ore less than one aupere. He hoté'd:t‘n'é:

'--'sattlng" of the. dlals and trzed tunlng the various augustable elenents, but
_'__'_w1thou1: a notlceanle increase in reter deflectlcn.

Gonv:.nced th it it would be necessary to shut Aowit the range for furthez' L

="_"b€StIﬂg: vﬁr- GWens saug%t and secured authorlty to do so from. the B.egional

::_Off:me 131 Santa Honlca, callfom;w. - The range- was shut down at- 10*05 Ba m.
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Immediately thereafer Mr, Givens, with the help of Mr, Hill, his assistant,
proceeded to the northeast tower and removed the lines from the tuning house :

terminals, These lines were checked for resistance between the lines and
from the lines to the ground, and it was found that an infinite resistancer”

was obtained, The towers were them isolated, and & resistande_measurement

fron the tower to ground showed a resistance of 900,000 ohms, Thg-same

meaaurements'were nade on the southwegt tower with a-re;istance of infinity._:
shown on the tranemission lines and a resistance of 950,000 chms shoun;be-'r
twean the tower and the ground, .Later; at 11:00 a.,m,, with the_help.of'ﬂr.ﬁ_ 
Lindsay, impedance meacsurements were nade at the transmission lines 1eading _;
into each tower, The fellowing values Were obtained: .

Southwest Tower 131- ohmg

. Southeast Tower 126 "

"~ Nerthweat Tower - 157 . °
Northeast Tower 3 R
At 1:10 p. n., snother irpedance measurement was made on t%e northeast tower ;f
end a readlng of 120 ohms was obtained At approximately 2:15 p.m..'ﬁhﬁ 1 fi¥
_rtransmltter was again started and couplang unlt current readings were taken -
.and.were "A“ - 1. 3¢ and "h“ - 1, SO whlch 1rdicated that the range haé re“-_g
turned almost $o normal operation
Whlle he was 1nspect1nb the tower 1nsu1ators. Mr. Givens had w1ped them ;
w1th rags and had examined tham cloself but could discover no 1ndlcat10ns of.r=
_;scratches ar cracks nor, in his opinion was there any 1ea£age of water |
 throngh the ra;n shields. Alsc, during this time the +hree electrlclansg_n_'°
1iG1vens Hill and Lindsay; inspecteé the tunxng hcuse at the northeast tower ;f

. -,and checked the equlpnent in this tﬁ»lﬂg house for defective components.; E
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During one of thess inspections, it‘_'w'ei noted that the coupllng d.h.l vms fcﬂn

- or five . dcgrecs off thc dﬂ-tu-t which CQﬂdl’thﬂ«WuS cOrr<,ctc,d

"'the coupllng dizl th vaT}. A.dc g.‘tih. previous a“nspu.ctiou by Mr clvens or Dﬂﬂ

-jof‘ ‘the othcr rlectr:.clcns eurllbr in the merning 'of "\Toxrémb or 4 Mnd hﬁd_ no

- ‘ae'&ring on either the impt;ﬁ;;nq-:; MOGSUreHents Or "ol the - 1fuhct 10111!1.5? af 1;1;6—*

rango.

o LR

T_he mlnten«nce éiacﬁ-x_'i_clignsﬁ._ r_,_gjnov »d . the plugo from the heuter

: i‘lues* dt thabuse ;o-f ’thr’ orthosst towers. . It wis. round thit the 1nsldes of._
-*hese flues were hot ,Ard no deflmtc S0UFCe of. this: IllOl..:'tUI‘O v-“s dlscovercﬁ '
:‘.,although tha flucs could not be exwrined sbove:the Be nd 1nslde the- corcr te
‘bass, It is prob blu that the meisturc dlsoovered in thﬂse ha ter i‘lues re-—

sulted from condens::‘.tion due to -the, changs "in_ .tempara-ture of the air '_iz;rtha

-_i?;tt_lc__:_s_.and fhe im oss:Lml:Lty of,‘ fresh =1r clrcul tlpg ‘beeause of the nrescnce-

_L,.ko 1‘~+T e WaS thb Priiir beforo thi ..CleJL,u't on vond‘" und that, hls vssm-”i’

.,‘tunt, zﬁ‘r hll}. "'LdLa ths, in spvctfon “"'é;’tﬁi‘d; ar‘cx sund y. , H‘, furthe,r test;.-

5y R

ficd thc.t I‘LCOI‘d? .;howud th.ﬁt’- }fr. 1{111 dld m_k thcse 1rspr,ct 101’1 a.nd h«d

H J'_rl"-.

i‘ou':_ld a'dafective "’r.ubo in one tr.nsmitier urd h d runlﬂcbd thlo tuhc. '_nf_j:f_

They: :
Zontal’ surf‘uc:c. 1mxmdi*tcly bs nwth thu 1nsul tor on whlch thb tcwer' lag
s5¢ fluse wro provided so thit hout.c.a bo. :Lntroduce; 7_*5.'5”1_02_1;?-
tho pu;rpuso‘ of" drvlnp thum out. Tharc, 1s o.m, of the- >
he_ fou:t‘ towur 'lcgs. S
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The.Reco:der Chart .

‘During Mr:. Given's testimony, the chart removed from the Esterline—~
Angus” recording meter was’ received in evidence as Exhibiy No. 111. A4s
previcusly stated, this meter is connected through a line amplifier to
the Temote monitor receiver installed on the north leg of the Salt Lake |
range. Mr. Givens testified that when he ontered the transmitter bduilding
upon firgt arriving at the range station the morning of Hovembér 4, he
noticed that the recorder tape was piled up. BHe cleared the tape and re-
ad jusied the trace to mid-scale. About 2:15 p.m., he removed the roll
of the reco_rdér chart which, sccording to his testimony, had been installed
by Mr. Eill "in the neighborhood of 6:00 p.m. the dsy before's

Conecerning the condition of the meter and the chart st the time he
restored the recording meter to normal operation, Hr. Givens stated
that, in his opinion, the-. chart had sfsarted to pile up a short time be~
fore he arrived and his inspection showed. that it was not damaged thereby.

. He was certain that the .0peration of the recorder had not been interfered |

with prior to the time that the chart had started to pile up.

It is possivle to dctermine in a number of differe,ﬁt ways and with
a high degree of accuracy not only the period of tima covered by a paf-—
ticular recorder chart but also the time a2t which 2 particular trace on
the chart was made. The chart moves past the recorder pen at the rate of
three—quarters of an inch per minute and the electrical motor which
actuates the chart is a synchronous motor driven from the same power

supply as that used to operate the range station. Thus, should the
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commercml power - fall, .the _power to the recorchvxg meter would be supphéd

- ’
.- -

from the '111X111a1“’v2‘ power unit whwh wom.d also supply pwer to the range
station requingent-. : h power f-ulures could be 1dent1;1ed o the chart
and the periods of time during wmca the actua tmg motor of tf‘e mcordmg
meter had heen rmperaﬁlve could, alsc be d.etmrml rad by rcl‘erernce to tne
other timing elements shown on the chart. |

It is--the establighed practice “or the maintenance nlcctrlcrm who

inse‘rts the rew chart roll in thn lnilc"tlng meter to ma*‘k in pencil on the T

cJ,}art the exact time opposite a p'iven place on t‘ne trace and if 10 abnorial

operatlon was encoun,.ere_d, the exact time at which auy t.r'wce is pl-nced on

the chert may be determined by mensuring the "“lst.'—"nce hetween the orlgmal

mark ond the point in ,questio‘:_l 5:1 the trace snd comput ing the elapsed tine

at -the rate of  three-cuearters of sn inch per minu.te. To cletérﬁine ﬁhe.t’iﬁef
i'dr not ahnoréal movement of ths chart beneath th§ recoi'd.er pen has occurrad.

'-'.'_'11; is poss:ﬂﬂe $0 com pu..e Le elaﬂse& time ﬁétm-.veeﬁ ;:Jroadcasts nade fromthe :
k ;rfmge station which . are md* c:ated on the re.co“der c‘.art by erratic traces,
L ;generﬂllv of . greater nlltude tm tbe tr Ielc) ‘orocmced by the "A“ ;led. "'\F' |
,S:Lgnals of.--the TEES. . Tne tines at wh:.c"l broaaceqtq wera r:ade mav be obtamed

.fre** the Daily Communication Report ;;repared.a_t tfxe Co*:_r::unications Station.® ,7
An exanination of Ex.hibit.lio. 111, the .cha‘rt made by the reco.rding

ﬁétér 5:’[ the remote ncnif;oring syster: on the uor*n leg of the 'Salt Lake

range, snows tant the trﬂc‘, departed fron the no . rmel amplitude ratio

betwe.en the__“N‘f sigaal a{nd the AN signa]. as indicnted by tne mpli-tﬁdé '

B -01 tnn e Rlld PEY identificeiion signe ls, durmg tne nerlod of 12.40 to

1200 a._m'.._cz" Hovember £, 1240, and 4id not refurn to the nornal zunplimde .

“""‘he Bally Conzr zonication Beport for the Salt Lake 01 station for Ri'ovemberé '
1940 was received is evidence as Exhibit No. 105. SR
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ratios for the remainder of-thé trade covéring the period ending at 10:05 a.m.

when the fange was shut. dowd *Prior to 1400 a.o, 6f Novenber 4 the amplitude
ratio ci‘ the tiace showed certain’ ii‘i‘ég&lﬁ"r-i'tie'é but;’so far as could be’dig—
coverad, there were no” traces which showed a ratio of the axi;i"itudés of ‘the

1§M ta the MAY fumity, or lesss An exanination of the frrce for the period
of assumed normal operstion, i.e., prior to 12:40 a.n., indicates that tHe K
ratio established by Mr. Givens s the normal ratio which should exist between |
the "N" signal:oand the MAM sieaal (100/90 or 1.1% to 1) is a feir a'verag'é"'of '
tlie ratio which zctually existad, although, as dosed béforé; there are dévia—-..
tions of considerable magnitude in this rptio ‘recordsd during this pericd.
Starting ot . epproximntely 12:40 a.m., bhe Tatio of the "N' and the "A" gignals
gradunily changed so that by 1‘:00'-';-1.;;“.-.' , thére were traces where the "NN signal
end thePA? .signol were equal and by 1:I0 a.m. the arplitude of the " 51gna1 '
was consistently-less thrn that of tle"AMsignal, with retios of MM go MAN o
in the neighborhood of 0,90 b‘eiﬁg racorded. By 1340 .A.m'.' the '.rat;i‘o‘ had de—_
creased to 0.85, at 2:24. .5, to 0,70, wnd at 3110 n.n. to“o;so;"rfcn 3:10 a.ﬁ.
until 5:39 sz, this ratio varied sbout the value of +5. For the.‘_p‘é.riod. of.él—:zio
a.ie $0 4350 a.n., during which tinme the accident to ai}plane o 16086 Qcc_t‘u.'re'd.,_-

the ratios shown by the chnrt were as follows:

4340 .. - - D.A43

A:14] n,.7. - 0.48
. T AIAR Alm, - 0. 54
4143 a.ite - 0.54
© 4145 a.n, - = 0iB5
4:46 Al - 0.585

- 4147 n.n. - Q.80
4:50) gere: - 0.52

‘It is inpossible to compute the ratios for 4:44 a.m., fé:_-‘lé f.0., and 4:49 a.m,
‘Aue o the fact that bro_é,dca_s_ts weréd nade at those tices, The ratio did '

no"c_': s’hoér eny decided improvement until after Mr. Givens arrived at the range.
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‘ statmn -uzd completed. the weri‘ous ad,]ustz:ents he maﬁe. o |
| The problen of conputing the sigml ro$ios accurqtely :E‘rcm1 the chrt

is complicated somewhat by the change in ar'phtude of the trace which took

"pla_ce,; during t‘ma-pe-riodr whder 1nvest1gatmn. When the chnrt roll was ﬁ.rstf
installed, at approxzinately-6: 00 pam. On Foverver 3 19A0 Mr. Hlll who

nade thls in stallpt-ion ad;us*ed, the’ trece £0 that 1t was cuntered on the 7

a,vera 2, in the middle of the scale at & value S“J,own on the chsrt as 2.5...

Thxs value of » &pplltude"%eld, with sllgl“t V{-‘\I‘l"tlons un+1l approxmately

G tiO p....., a,t '.s.hich tine-the-amplitude decreasefl over & Uerlnd of a few _ )
minute.s 50 tha}t:the_”v,lue vetFeen 5:43 ;.k. anfl 6 OC p..... was m tne .
) neighbo,rhcod. of Le5.. Starting at 6:00 pun. there app ears to have been a.
. girédual decreass in 2mplitude of the trace so thet by 6: 30 p.rﬂ. the v-xlue was

sllghtly greater than- 1.0 and after-n series of brmdchsts stznrt mg at. 6~38

. PeRlay and lqstmg until- 6 55 Dalley the am ll.tu-:le b d. an average valu.e of ap

-proxmately'l 107 Af-ter the- sp‘ec‘ml weather Dros c‘icast ot 10 08 ,,.rl.. the :
'.-amphtude of the tra_ce was. definltely below 1.0 but retumed to the value of
o appromnately 1,0 at. 10 56 p.m., and at 11230 p.n. mcreased in -ampl:.twi& t-e
o approxmately 2q5 the anplltu:le et which the value was orlgmﬂlly set by
'EMr. Elll. However, this amplitude 4id not remain conqta_n t, aad agam gradnalls'

d_rr)pped off until at 1200 Bolia ,' on Noverber 4, 1940,: . it returned to a value of

| : app‘roximately 1.5 At 2:00 a.z. the '“plz.tuda was anf)roxm?tely 1.0 and

"‘ldecraased. steadily, u.ntll at 2 30 felie 1t was apﬂroxlr‘atel,{ 0.5, and, after
: .'soma unex;alamed V'lrl?ﬁlons wm.cn at tmes swung the- trace off the chart

' ".'&t the top of the scale (a value of 5.0) the gmplitude at 3:10 Balie WEE ap—-

7 '_proxm@.tely 0.25 and rer‘mned at thls value until the amplifier was readausf-e& o
: fa‘b 7300 a.m. by Mr. G:.vens- For the terr-nmute period dbetween 43 40 a.m-
sma. 4-50 a.mu, tha az:r;:lltuﬁe wes sllghtly less then 0.3 "ilt’mugh, d.ue to

"5.'._'1;_213_ ;ﬁgc# ﬁhat-_— 1;_1_19 Qpex_-atgr set up his brosdeasting circuit at 4341 a.;_.z;l,.
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and did not return the circuit to normal unti 1 4355 a.m., th.e_: tréce from |
4321 aele b0 4150 a.n. had =n average ?:;plltude of | ﬂpproxmately 0.5.. Bef_:alggeg,_
. of the suell amplitude of the trace during this period it is, of course, diffi~ -
cult.to deternine precisely the "AT to PR ratios thft e:usteﬂ.. Eowever, our
deternination appears to be suffigientl;; accurate f_or the purpose of thlssg-,ud_y- :

Aﬁ atteﬁpt was nade to determiné the condition of the Salt Lake rf.n;'em_i‘ . ]
for tke period imnediately precedlud,._during, and immediately following the -
accident to NC ;6086 on the rorning of Novenmber 4, 1940',-;. by meking use of | L
the mfgﬁaation given by the recorder chart. Mr. _H@';gg.ra W. rgqg_inley,_aa,diq _
" Engineer for the ('J‘_:‘_Lv:,‘jL Aeronau‘ti_csr A@inisfraﬁion, H;_'. Peter Sandretto,
Superintendent of the Comcunications Ladcratory of United, and Mr. Tord Studeb-aker, g
radio consult.ant fsr _tﬁe Givil Aeronsutics .Bo._afd.., descrided at the _hea_r_i_ng the '
Vlnvestlg tmns an"‘ testq Whl"'"i Ware r"aﬁe. | |

It was aeclded tha* sddltlonal mforﬂation concernmg, the renorted mal-g_., Ve

| functlonmg of the Sal* Lc.ke r ng,a Elgﬂt be gruned if a suffmlent y accurate
,;simll thn of the conr‘itlons wh1r'h prod.uced. the trace sbom on the recarder
chart for tf_e oerlod of t‘ze acc:.dent could be effec‘t:ed. In order to. simulate*
_th:.s trace, 1£ was necessary noi only to create a_oozadr_bi-:;n which wa}ﬂ_ﬁd ;_'et?u}_,_t_
in the sape "N to MAM rat'io boing, recoré{ad._, but also to reduce the az;pli:'!.tf;}dé}:_
of the troee to th:vt shcwn for the e nofl 1“ aueqtm‘x.' -

It a’opepred th—wt on the nlght of ﬂeve; ber ..:, 1G4 D the gnm (vol’u}:e) con—~ - |
trcl of the axmlzfler for the recordmg, nater nnd been se{: ﬂt a noint which -
‘wag ccnsulered qor'“‘ru. b,; the mamtemnce wectrlcians -»,nd wm.ca had been __ 7'
marlced ’ov a penczl n rk on the pmel of the L.ne az:mlifier. __ No ch:mge h;=
_been magle rln_ the sett_mg_of this 'control dur_i.ng -th.e- ps_arl_od in question and it .-
‘Wasdeciied, thérefOre., that what’evér_t-é._sts:_ were m-wde should be pede with

theanphfler gain control in this naymal position, which decision, of cOurse, ' Ere
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precluded & "reé.'uéémii‘of tHo ST 0046 0f the trecs By changing the-amplid .

fication f-wctor of the amﬁlmfler mr Besns ‘of -tHe gain ¢ontrols The mosﬁ-:-{:'

obvious Feasons for the chsm&e in adblitucte ‘whald - be b "i-r'i:,‘-‘-éf‘variaﬁimi 1;1'

. 2t

the voltage qpal:.ed to" 1:‘!1:3 range stai::r.m and 6 the remsté” mmtormg system,:,
an& sacond a decrease in the 51gn“l ‘recoived by thé recorder fron thé” non1—~ _-:
-tor_receiver. o o R R I S S *

Inik:invééfiﬁfihg the effect of voltage W.rihfibn”s-'e'n-f‘t-he"‘ reccder. .

trace, 11: et fou.nd. that an inbroase in voltage resulted in & decr*ase 1n'

the mplltu?? Bfr fhé i‘eédf&ér'ti;aiﬁa.' i‘y'épa'rﬁtiﬁg the' range station :‘an"d’;‘-:

therefore, th6 rémote ronitor Systen on power supplied by the suxiliary- - ...
E ! 5

; "power uni ..« it Was postible o vary the voltage applied to the entire: - w1 -
systemand., thns, with pf:her factors Belng egual, to produce a trocd o %
si_.’mi:la.x_"fin arplitude to that of the trsce under investigntion. In mékiingff '

' this‘caj,ibration,it was di§c6vere& "chpﬁ the arplitude was 'extz"érz?.é‘iyfé'iaﬁs

fSi%t_aEév-'éh'émges; For exermpl 10, with on 1‘1d.10ﬂtf’d voltege of 120

; traee was liecreased. to 0.5,
-ﬂ. 'deérEaSe in si@al delivered by the receiver to thé f‘ééordihg”
_meter awplifim could have resul 9\1: 'éi:*hﬁ* fro"" s decresse in the f:eld -

pro&uced by the’ raﬂge at the roésiver locatmn, or a lo ﬂred

-VhE'-Z‘QCEIVGI"-__ Consz.d-nrmg, the fact that there hz-xl ﬂeen

1115 th.a.patiod u.nder in vestlgstlon 1t was thou&,ht pOS-
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receiver which rosulted in a d_e.creas.ed vbltage bei._ng,"@plied' to the in—
.:Puft of the rec_-,giver.:'_ To deternine whatvalue of ;eé]cc'xge night have exiété{i‘
a resiéfanqe was cqnneét__ed botween the rqqeiﬁrer anteana and the ground ard
_Var‘ied until a trace wi.thA an amplitude equal iﬁ,q that which had been made during
the period‘. of 4340 a.n. to 43i50 a.n., Kovember 4, 1940, “appeared on the reff: :
cofder at the ronge station., All other conditions,,'..éﬁch' 88’ arplifier gain
and line voltage, were naintained at normal vaiues; It was found that a
_resistaﬁce of approxinately 170 ohms réducecl the Pmpli_tude of the trace -
to t_ﬁe required value.
.In oxder to éhange til_e ratio of the "W' to “'.A".s'ignal- frow a norasl
velue of approxinstely l.l to a velue of approxipately 0.5 as shown for
the period of 4:46 aene $0 4150 a.. of November 4, 1940, . the northeast
tover of the _i;ange was detuned by comecting a -r;o_ndensef ‘from the : tpi-iei-
to the counterpoises With a capacity of appraximétely,; 30 'r—.c;i?:_nomi:émfar?ds,!.‘r
:ﬁ_b;e desired ratio was 'o‘otégine_d: It: #as ,found':that in both the'_c:as? Of ..
the decreased signal fror the monitor receiver and th,e"incrsased"t?o;l_t.a.ge“,f:_ -
: the srount ef- detuning requiréd on the northeast towér-to. obtain ‘th‘i.:s_ = o
i‘aﬁio was of the sane value.
Gn Noverber 12, 1940, Mr, M¥cKinlsy, Mr. Sandreﬁ_to,gnﬁ:Mr-.;Studebak'er
: _&ajﬁsteﬁr the range and the moné.tor recelver. ﬁ_o -simulate the trééé under
invcst’igatioﬁ;*-'first. by decgreasing the signal -inimi_; 8t the recelyer and
,détﬁﬁi:ﬁg. tlfxe _norf}ﬁ_east towsr, then by increasing the -ap;wi.ied voltage and

detunmg ‘the northeast. tqwér;-- .-:T_he_ courses of the range were observed by

- %j micromicrofarad is a unit used for certain clectricel measuremerits,
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means of check ‘£lights nhde &u.r:.ng 'I;I‘e'tiﬁet the rmge was omratmn' R

umier t.hcse test: ccnditmne. Mr. Herbe t i*.ucke mdlo consu}.t-mt for

the Ginl Aeronaftics: BOard “and Mr. grederic 5t enhens Air Carrzer 111-_:

-spectﬂr—-‘%adlo for: the .Civil’ Aeronautlcs Admm‘stratlon wore thﬁ obse"vers,
and the «a:zmplane, & Douglas DL~ 3, was tlown by Mr. R. T. ;!rang and Gaptam

'§. T. Wanrick wf Un_‘lted. Both of the range recelvers mstalle:l aboar&

the .'airplatxe we're uséd in co’njunction with both of the wire fype "fbelly.ﬂ"'

antexmas to receive -the range sigaals. The sigznals i-eé-eived using any - 3""'3"‘":55

cmnbmation of these receivers g.nd mltmmﬁs, were rubstantlall.f 1dentic«l,
' the maxmm.differ-ence observed--between any arrangenent was believed to S

-_"be 1ess tnen ‘one degree at dlstances of over fou.r niles fror'z the radlo

range s;,ta—ti—ona .Also, there. apneared to be no chffere“ce in the al igsament

_'of the Salt Liske range under the two conhtlons of cperation which werer

-'j:ﬁ set‘ﬁ_up qt the range station for the tests.-

Und.ﬁr both of the. tesfs conditmns % was belleved that, ag closely
:;-as‘could be éetem;nsd_ from known 1and marks, the north course of tha
Salf; Imke range wes displaced Dy appraxl..lntely 12 degrees to the east of
tha publlshed.alignment. Gbsarvatlcns wers also rwde to deterﬁme if
possm}e, ithe: I“*lllt;pl" stmcture of the nf;rﬂ‘h *eg in the vmmﬂy cf

-;-__Icaywn. b this point it was found het ono ':ult}mle lzw to the east

aﬁd Qne m:at ple lay’ t6 the west of the predonma_nt center pos:.tion g

the north 1eg.. ‘Tha multmle "on-t'he- e-sst eide of the a-ctual 1ee was-of-

au lcle"lt msg:utude 0 ‘tHat | the vzlot. 0;1 thm tes lihht whez. flymg

ard. frcm the Salt I-ake T ng*e,, mwxenﬂly mstalrmg tq.s multiple
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" for the trus rango course, followed the ;auit-:i_ple' instead of the ‘center - -+
of the actusl on-course. The total Width of the north los, including
" the two multiples, was approximatel.y. 6 dcgrees. ;hea:.rplane duri_ng the
" test flight was also flown from the vicinity of Dayton to the scene of

the accident and the observers reported a normal mcrease in ™" ‘sigmals
as soon ss the aircraft deparited from ke twilig‘ht*éf the emstern miltic -~ -
rple. - This "N' constantly increascd in magnitude as the scene of the acei~
dent ‘was approached and a clear ¥I¥ simal was }mhrd"'direcﬁly'dvérf the-.
. poiat where the accident occurred. |

- The data furnished by the recordar chart were éls'o wsed 4n -ckcsnjfuﬁc:‘-:#

tion with the impeda:r‘lce mea.éuremez}ﬁs and the tower cur-x;'gnt'-m'éasu-réﬂents -
{made by the reintensnce electriciang ox the isaarﬁi'-_ng of 'ﬁoiqer:b_ef 4), in
an attempt -to deternine by .t_heaéaﬁiea& sons 1deration ‘the 'ai-ignsen: of
. the Salt -Lake:. City radio -&@ge for ‘the pe-rioa in qués tiot,” In b_f@efﬂtbf{ wis
,;f'aduc'e-' the informstion ‘given-‘ by the’ re’cor'_d,er chart to usohle “form;, 11‘. X

‘was necessary to determine, Ias nesrly as pos-si‘n};é'," the ac‘tu'nl-’ field
strengths which existed at' the renote receiver, since it is’ the"'fiéi'ri% L

_ gtreng'ths- which determine the compai'ative' intensity of the mrsl s’i@als

' heard by a listener. To nake ﬁhi‘s deterzination ﬁhe amlifisr -gaiﬁ' '-con'trel'"” |
‘ yr_s.é ‘placed m the normal position, as indicsted by the nark wh:.ch had -ﬁéen' -
giaeaa on the :-f.r.on%f panel oi the line amp}.if;i’er'by-the:'mairitenéqicé el’ect-z-.'icizéns;
az!d :ﬂ.eflec:tziginsf of “the 'pen.’i"of_*the racorier were noted  for varying i-npuf's of ~
: fadflo "-fre.ciugncﬁ-vdlt_égel‘ at thé' antonna ‘terminals: of -?thé'-::‘r-eg:dt'e'monito'r:: :

receivers . Input-output calidrations were algo pade for

e
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"va,mous settmgs of the ar.‘:rllfler gam control for the purnose’ of dster- s

mining the response charsc‘henstms of the ah.pllf:.er -a.nd the receiver
systemn,.

An ne‘xami,nat_i_cmxp.f the resulting calibration curve for normalga.in :
(Exhibit 125) in@icgtes that a fhz;éshoid ?vélue “of épiﬁrqx‘imately 2000 - .-
micrqvqlts‘:." éxists bolow which 10 deflection is indicated by the record-. .
ing meter. _For a short dlsta&ﬁa above thls threahold value, the move-- ,
ment of the recording hand thh respect 10 the u:mrsssed signal approa.chea -;-:7
a variation _1_;1 kpmpo_r‘tlon tor the square of the voltage, but after the .-
impr.ess;:ed. voltage -r_isl‘es above-thi‘s poinf;, thé .i:.}oveﬁent of the pen_as'sumes; .
neérly a ]:inear- relaticaskip to .the woltage. In conver{in-g _thé Y to -_“.E;'-'
ratios of the recorder cj.h_art. to fiald.-st:.renrth. ratios by means of this ca‘ii--

bration curve, the field é‘.;-r ngth ratios appear to be nearer to uinty than
"the trace ratms, due ‘_DI'lKl;.l‘lly R tne nw.,n tn"esholti valu\ of- ‘the: system.
".Thus a trace ratlo of 0;5 iz a Tield stren th _ratz_.o of @proxmately.;-G__.,S,,__:.: :

U ops &etemined from the callbratmn CUrVE.

Sozae doubt _of course, exists as. to the accuracy of the field Strength

.':-_j.:'._:__values as shmm by the ot 2lidration curve. The fact that the "A" and . "N"

i szgnals from tha radio range are the product of varying percentages of _'

i "_".moaulat:.on, whereas fhe values o:t‘ the calfbration curve are produced by &

:,;-._;;.;_slgnal nf coastant modulatlonm-—-SO%—but of varying voltag ‘would inrit-.-:-

' --‘;-_self v 0F course, preé.uce some maccura.cies. Other factora, Kiown to ex:.st

Ta "__-'uuf, wpossibie %o evaluate, would also mPﬁlI‘ the degree of accuracs' Of

'_'3_"_":‘51:1115 calibratmn. & However, it is bel:.evecl that here - as in so much Qf the

. *& nicrovolt is a unit used for certain electricel neasurements. -
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other statistical evidence inbrodiced, su orier of mazituds is indicateds’

Tﬁé*mé,iﬁteﬁéhde"ei-éctr'i'éién, ‘Gn 6he morning of Wovember 4, had made -
- impedance measurements of the lines and of the towers ‘and had also re-
" corded the radio frequency currents in the nértheasf éﬁd'scﬁthwest'_towe'ré; i
although these tower readings were not made with any higilldegreé of ac-
curacy. From the impedence measurémehts, it was determined that all |
towers, éxcept the northeast tower, were generéllﬁr’in 2 normal conditibn.
' The northeast tower, however, was definitely defective. The values of _
.’radio ‘frequency currdnts in'thé northens t-soithwest - pair of towers con—
firmed these ‘impedance measurements and also are an indication of the :
‘ficlds which would be created by radiation from these towers. There
would be, of course, a reflectsd condition which would upset the adjust—
- ments of 4ll the elements of the radiating system and vhich would result
Cin’ f i‘érl&s”ﬁ-thé\;f'théﬁ normal being radinted from all the towers. 'Uﬁ:t'o_r#- :
tuxiﬁt'eijh’?r’éfﬁflittle' information concerning such a ’c'oﬂaitiog was 'avai_l-.-' S
able s'ince"n'd'-measure_rqggt_'s‘. we.re mede of the currents in the northwest
and southeast towers. On tho other hand, had _sv;é:h mensurements '5een'
_ ma&e}'thé-ré ‘would still be certain essential information lacking co.ﬁcer_ri-—‘-;
"ing the'phesé shiffs which occurred, and without a knowledge of these
phase shifts, it would be impossible to determine the field patterns. -

- Mr. Sandretto, in his testimony, presented certain exhibits which

he had Preli_a‘red' and in which he -éttempﬁed to-moke use of the f’actofs

~digcusscd’above. One of these exhibits (Exhibit No. 126) consists of
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four polar diagrams cens*'*"uctei umn v'ﬁrﬁ.ous assumed values in S0 far ‘
‘_)_-,". —-_1 ; p.; - ‘.:.’Tf’ . . . .

as tower currents and phas s z.fts are concerned ’hese pﬂlar diagrams-[_'.; :

show that from a tneoretical conmderatm*x and mamné, use of *he avaz.l—*"

able statistlcal data. a course s"n.f" of a..mest a.ny value up to 50 deg;- )

rees could. have existed ar.d produced. the same trace on the recorder chart_

In thzs con.nection, of ;ourse, 1t shm,ld be notefi that no J.imts were placed
on any oi‘ the unknown f actors.

..

In revmm.ng all t 8 avallable 8 ﬁtx&t:.cal 1rtf0“mation concernmg

the condltion f>f the r'mge course on Rovember 4 Mr. MCKlTlleJ, Mr. Sandrstto,
and Mr. Studebaker were in 9greemen’c that it was wposs:.ble for *ln.s v .
information to arrive ct any d.efimte cenclusion as to the m.ou.nt of v-_f; B

dlgplacement of the cou*ses. Also, thev a,greaa. nat no g*‘ert rel*:a.nce

_could be placed upcn the ToE ults of aes ts made 0:1 ovezrber 12, t‘ns con—-

,-\

".".ji'.clusmn be;ng prmurl y based cm ah& fact thm 1t was ne"essary to 1@101‘6.5;_:':'7

A great number of varv:al;.s in making these tests. It wes further agreeﬂ._.;:}s.rr?_ .

...__4_;:-- o

s that there Were a num“er of uf}:lb ons of i‘uc tors and comhtlons whlch

kmight: have ems ted each cos*b;natloq of w’nch cauld. 10ve nroducad a.

'd.ifferent dzsplacement of. uhe north leg of the range and stil;. have pro- I

S 'dnceﬁ a recorder trace similar to 'bhﬂt waich wns pr"d‘lced on the *“°min‘g

S 'of November 4. The:,r all agread noweve‘, that frc*“\ the mfomat ion R

"""-r,_'mmlsh __ b,f the recsrder cha:. ;t was, pcse:.ble to conclude de'fmitely

'ha' he narth 1eg of the Salt Lr—me range had danated to the aast fm

A4 8 sl alignment durmg t.,he early u.ommg of Novc—zmbvr 4, Mr McK;nla}i- AN

| "'t_‘_'exp- 1) th.e epimon uhat the dev;ation mign* have beén as :mc'*l ag 18

M'tha eas’s E«ir. Sandretto thought that the d;evmtlan was approx—:ﬁ: E

*"',‘-'Eiﬁataly 19 d.egmes '1;0 the east whlla Mr. ‘Studedaker Suated tuat the. }.a"' '

rabably mmg between, ‘? and 20 degrees to the east.
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Analysis of Evilence on the Snlt Lake Range

Fron the evidence based upon the frace on the recorder chart
and thé data collected ﬁy Mr. Givens at the time he inspected the
rrnge early on the morning of Foverber 4, 1940, it is impossible for
us to come.to a definite conclusion as to the precise location of the‘nqrth
ieg of that range 2t the fime Captain Fey was using it in his letwdﬁwn pro- .
cedere. EHowever, it is clear thet between 4740 a.n. and 4:50 a;m.-, the range
was not functioning normally and that the north leg of the range had ﬁeviatéd
"~ to the east from its published course.

Npr are we able to arrive at any definite conclusion as to the location
of the north leg from the reports of ths pilois whaiflew the range early on
the morning of Novenber 4., Coptrins Nelson, Garbutt and Doce thought that
the.rangegwas.operating norrmally at_fha tices they were using it and this
, 'test;mony;¢oinpides with the recorder trace, fcf_if thE'tracelés-tplbeJdagﬁ;.,.;i
-'_péndéamuﬁon, the range hed 4deviated very leottle fron nornal operatiqﬁ»ai thpset
-'tiﬁ§s¢ .The testinony of éa;tin Going, who flew the renge from 1:26 A0 ug@ii .
- 2;05 a,m.,.varies to some extent with tﬁé évidence provided by_thé.fécsiﬁexﬁ_'
_trace. He tdokrloop ﬁearings ron tice to time while he was using the range
;ﬁi beiieved that it was functioning normally. The_“N" to fAM ?étio_showﬁ .
 on_the recorder trscéliuring the period 1:26 a.u. unbil 2:63 seTle dropped
r.from about.ggity at.l=26 a.mﬂ to 0.77 at the tine CaptainfGoing lanied.;,k
. Egyevef, uz_xdef_ all the 'circums_tances, it Vapp ors thet. the apparen.trc._cnﬂipt_
,:fbgtwean.Caétaig-Gﬂingfs experience ﬁith the range and_ihe evidence as 1o the

" .condition of the remge provided by the recorder trace may De resolved.
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Captain Going was . cén*mual‘*y on ‘indtrunents during the time he was.

observmg thie alignoent of.the morth-leg and the only means he ex:ployed.

ta &etemms the alignzment was.the use of his direction finder. In"hlgsg
—testiiiany he stated that ‘tke Yearings taken night heve been inaccurate by
5 degrees, plus or miziué',‘éand ‘degeribed in some detnil the method used in
opersting His. difcction finder. It appears fron that testimony that. the ="",_1-
‘bearing taken by hm when ke first intersected “he ‘north leg at 1:3L ambe” '
<prodably’ ms accurate within the tolerance méntionéd by him beceuse: thal:
- bearing was taken with great care. It.is probable that the dlsﬁlacement crf |
the novéh- leg at t"lat time was 16ss then 5 degreeés, which was the- tolerance
allowed for the loop bearings.

Hawever, the taking of bearings theresfter appears to have been s@c-
ondary to cther activities incident to the q}proach a.nd landmg and. it

e unlzkaaly that ‘thoy resultéd. in-the ‘sane. degree of adcuracy as dld t;he

- "’f"f‘-‘me ﬂrlgiﬁﬁﬂy tc.ken. Under these c1rcunqtaz\css, Oav){-,-,in (}oing or mg

o leg of the nrder of 6 to 10 degrees. ;
It is diff icu}.t to detemme frém- Ca') tain Christeénsonts. testmon;r anﬁi

'the portlons of the ra(ho 10@ dealing with his flight whether or nat t.he e

'cond.ition of the range as ‘he ohserverl it is inconsistent with that’ indi-«
' ca‘bed by ﬁhe recorﬁcr trace. He bagan using the Balt liake range at’ 4 35 .

_a..m., crossed tae re nge statmn a.ud. ﬂaﬁe two shut‘-les on the west }.og»

'.ﬂiﬁ%ll after 5 29 G -H aprarent}_y aig ndt aetect any abnomalztv in’ the 'ﬁm-*_ -

’ﬁhe range sufficient to mdmdte ‘to hin that the r—mge shmzlﬂ not

be used*:m a let-down “rocetiure. '.'f.'lms, ot .'5=20,', on his returﬁ' -i‘-o' the é?a';
: _cond shuttla on ths west 1eg, he requeutsd am .e.irway Tra.fﬁ

‘ance__ far & stanclard instrumem approach and havmg reaeive&
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- that clearasnce, apparentlj h'egan such a let—down—through procedure at 5:29.
It was only when he'atéénpted, as @ part of this procedure, to descend on
the south leg to 11,000 feet that he definitely concluded that the renge
was ﬁmét'ioning abnorrnally since he was unable,to intersect the south leg
after having proceeded as far west as Bingham &&13’011.

In.his 'testimony, however, he indicated thzﬁ he becax’:’ze,sbmewi_-at sus—
plcious of ti > range pri.er to this time when, at approxima-ﬁely 5:08, while
proceed‘ing. wes tboﬁnd on 7ﬁis second shuttle, his course appeared to be sub-
stantislly ~cath of the mormal aligmment of the wes: leg. From his radio
reports 1 rppears .that his course mist have been approximatély 25 degrees
" gouth of the normel alignrment of the west leg since he reporfed over Gar-
flleld, snd fron his testimony it sppears that at that time he was following
an ™A twilightV, which signal would ordinarily be received north of the
on course mgnal of the west leg. _ | |

Oﬁ.Capta_in Christenson's first shuttle on the west leg, he stated ﬁhé.t '
about 2 rimutes after having paséed over the range station wééff—bOund, “he
 ostablished his position by reference to the ground .and it was his 'J'_Dprés— '
sion at that time that the west lez was on its proper alignment. If the |

. bl T .
west leg were properly aligned at that time (about 4:48) and at 5:08 were
at. least 25 degrees south of.its publishad bhearing, theée 'obseﬁa"'ioné
‘would indeed e inconkistont with the coadition of the range as indicated
by —ﬂa_e recorder trabe', for there is no substantial difference hetween the
aﬂ?lltude ratios during ':t.his ‘entire period. t'fH.owé.ver', it is difficult to
detemlne conelusively from the record .Qhether' oi’ not Captain Chfistenson, _

in peking his first shuttle, nade careful observations of his position
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' ...since he testxflaa that -he.had not Ypaid much attention" to the al1gnment of
| the ’x.g until Juring the.second shuttle when his suspicions were. arouseﬂ abﬂ
- 5:_08. . Moreover, it is difficult teo-deternine whether, during his fl_:jst
Shuttlé._;he, was at.all times following the actual on course signal or-gn-"A
Ctwilight", Under these circumstances and in view of the extreme nnhkel:thoﬂ
‘of guch a_rapid change in course salignment having taken place iz a =pé’i‘i,od,: of
legs. than 20 minutes without being reflected in the recorder trace, we- _eon~
. clude that the west leg was displaced substantially to the south at- all’ tlﬂei
Captain Christenson was us:wg-it. | .
N --Céptain Christansonts observaticns of the cperations of the raﬂgamaﬂe -
after 5:29 are consistent with the evidence provided by the rscorder ti*aée.
Captain, Hort'on who o'bserved..ﬁhe condition cf the Salt Lake rénge-.rfﬁm

B! 17 2.7, untll 6:28 a,m, on the morning of Nevember 4, flew ;rectly asross

B - ‘the nor*heast or "¥" quadrant of the range and, accord:ng to his testm{my,,

."_'”1';5,‘.33_1;‘,"?%-: _no_.thmg but g gignals, From this evidence, it might be_coa_;cli;dei_i
| - that -a% the $ime Captain Mortcn made his observations the north leQ.bf%ﬁhh% '

range had co*ipletely dlsanpeared *which condition would not be: entirely m—

'r_"cons:.stent w:Lth the recor der trace, However, we capnot’ mnecﬁately pro::aed

‘ ;_'-l_tq _th;.s‘ccnclus_ion solely on the basis of Captain Morton's testinony b_eqaj;se!'
as ':h_é_.__‘izizd_ic\__ated_, -he was .ope.rating a scheduled flight and thus was busywlth '.‘
- t?i"?ik?ﬁiiii?_é-- and it is possible that he might have failed to debect areas
'iﬂléité .Ei!ﬁ"f'-o-r'on course éignals-exiétad On the other hand, wéf éie‘--jﬁstifi'e&
: 1n coﬂcludmg from Gapta:m Morton's testlhony that the rangs was, at the tzs;e

f':he made h:t.s cbservatlons, substantia_ly msallgned

,_pta-.zn Baird.'s testmorgr commdes very closely wlth the probabla Gﬁ.?i-

L d.ltiens rgvealed })y the recorder trace. While flying the we st 195 C’f tlm
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Fort Bridger range and. the normal position of the ocast leg of the SaltLake
. range. Captain Baird received TA" signals. This is a coﬁdition wh_ich_woqiﬁ_'
be oxpoctod in view of the foct that the recorder trace would indicate 8,
- moveme'xt of the east leg of the Sq.lt Lake range to the north snd o:f‘ the west
leg %o the south. -

The dc‘".ta reported by Captain Petty, Capta_in Kelly, and Ga})taiz_l E:.ol;:ep}.)_ecﬁé“:
does not apperr to be inconsistent with the recorder t_race. Howevér, __Ile.i____t_l‘zer':
their observations nor tie recorder trace for this period 1s gf_eatly relied - :
upon in attempting to arrive at a soluticn of this problen ‘beca.use,_pr_ipr to
the time they nmade their observrtions, Mr. Givens had madé some adjuét:;r;ent_g to .‘
the equipment at .thc renge station azgd_thju.s may have changed the conditions |
wh_i_ch had existed durin g the perzod of malfunctmn ing in which we are p&rtlcu-

larly intercsted. .
_ Wgen taken ip connection with the evirde#ce_o:b:tained frpm therecgrder
'tfgce, the reports of tﬁe pilots, particulerly Captains Christenson and
_Morton, give soue indication as to the pﬁfo:;‘alé conditiﬁn of the on wc__o?._;';sg;
's:.ignals of the Salt i.m{e range when Captain Eey was usiang that leg L. _‘:_i__is._ 151:«—
Lown prqceclme.. There appears to be little difference betwcen the re(cbrﬁ._a;r
) trace when Ceptains Christenson and Morton found the range aligl:ﬁl_eﬁt abno;'m.l.
and trwt for the period of 4:40 a.3m- to 4 50__8..13. When it.rié considered that
Gagét_ain Morton found "AW signals a2}l through the northeast "N."_ quadrant '.’3-‘7.*5_1
Ga;-qtairn Gh_ristensog .fdund_th_e south leg tp be at_l.é,ast 25 .degz_'e_e.s west o? its .
puﬁlished. bearing,. it 195,63 to t‘"e 'c.ozzclusion that in all probability ti*-e
.-ncrth leg of the ra.ng-ﬂ was, &t the tme o:f' tl:s eccldent ilsplace& to- ’cue
'eastward by an a.maunt \-,hlch tal’en 1hto com\mctmu with the mountaino-as ter- :
-V:;ram_ mm_edm_tel}_ to the eusu of t‘m normel leg, was sufficient to destmy 1%31}_?‘_;".

MEility for purpose_s of instruzent approach.
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!Ehat the Salt L-alce ranse was unstable and that the alignment was sansi—-
: tive to ch;;ages m hamic’ztv was' clearly’ stidence ed by teqtmon;y subr,itted. con—-_

_ cernmg the his tory 0\" tl:ﬁ perforr*m. ce of ‘the rangs smcu modernlzatlon. '_It_

scems ~clear t‘-::p,t t‘"é prossnced of wet ‘suow- on the morming of Novembcr 4 1940

; contribu.ted sub stantlall,; to the condition of the range durlng that time. :

Thls conclucmn i SJpTJGI‘*Bd by the fact. that on January 5 1940 a,nd Febru-

-'_ary 1.,, 1940, auaut thb sa.ne wegther conditions cxisted and, whlle thcre is:

| "'_no direct ev1ueﬁr;e as to tne al-gnmout of the noxth 1ag at those times, the '
o south leg was at least 20 degrees west of its published bearmg, and 1t woulﬁ_ :
e logical 1y fol.;.ow that the Torth Leg had swadg substantially to tha eabt. : On
‘r;he' 'other ha:xd ) it‘é:'ﬁears 'frém the testimony gilven br Mr._ Givens concemlng

“his spacmﬂ studwv d?lrl"g, .A,“ril of 1940, thet high ,;m:aidltv resu.lted in 3:1 1.11-

crease of t‘h.s nrudoz.unance of WEN over MAM ratnsr than 1*1 a. r°versa1 of uha.t

. 'relatlonshlp as was: t‘le cbs“ oxn the m,rnn\g of November 4 Thus-,-"frcm;f'our dine

vestigw‘tlon ths rea‘zm 4‘0* this affoct of atzospheric condit'rons upoxl tha

o fiﬁiﬁﬁﬁ@ﬁlné‘“df 'the r‘an"ge is hot resdily recogﬁizﬁr nor co.xld. the englnesrs

“ of the le‘.tl Aerommtlcs Adninistration, whose respons sibi 1:'L ty 1t is to deal

"7'.with ‘h e tecmﬂlcal problnns arising in.the eperation and m’untenance of the

- raage' focr a_l;:r 1-‘_fom~utlgz}' On ‘this m!ttf’r, J:_,;VQI:, th{‘hé"}. the Susceptlbility
"".3":'0'.?' the range to c,t“:;oa eric con d.lth"),S had been forclblv ds monstrated m the

' ."-snriﬂg éf 1940 ‘1o rct‘ on 1o corréct u!‘ to &iscover ‘bbe reasons for the tcsnlt-—

; ing mzﬁ.function;_ ;g tad docn taken, gecorﬁmg-tu Mr. E. . McKl..lev u;p to tnc
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equipment at the Séit -‘La}.ce 0ity range was resvonsible for the ma.lfuncfioning.
of this rangs. This seme equivment with the same geﬁéral lavout is ﬁse.d ét o
| other stations with regulis as satisfactory as the nresent state of .thera.rt'
-permit s.. Thus, thex;e is nb anparent reason why saguinment othsr than that
actually installed shovld have been used at the 8alt Leake station,

Hdwevez-, there may be gome unusual defect in a nafticulﬁr niece of éoni_n; _:_ |
ment, Malfunctioning of the Salt Lsks rance amxear_é to have resulted ‘in'nvlo'st |
cases in a distorted field pattern, and since this distortion haé been _aéc_bm;-
pehied by cﬁpnges in humidity or snow_falls, it conld logically be cdﬁcl.ﬁazed'_
that these atmospheric conditions affect the radiating svstem, In view of ”
the fact that these atmospherie conditioris anparsntly do not affect all
elements in the r;«di.ating' svsten equally, and since all these elements I_a_re
equally exposed, it would spmear that some peculisr defect does exist in ‘_t_;ér-;
ticular elements which make then unusually suscentidble to chan?:e's i_n'a.ji_mos;-':-f
pher-ig conditions, B |

Iﬁ is'belisvec.i that in;ensive research into su.ch-ma.,tters" as _the' coipo- B
nents of the renge equipment, the terrain eff’eéts, and the atmospheric c,omii&: i

tions e__xisii_ng ir the Salt Lake Valley should produce evidence'sufﬁcient to - "
provide a solution to this prodlem, |

We have reached our conclusion concerning the displacement ;)f the .zmrth
‘leg of the range on ihe_ basis of the ovérwhelmiﬁg weight of the evidence,

_'.n'btwithstending the fact thaf; the reports énd. testimony of the onerators Te-
's.I.Jon.sibl'e' for moﬁitoring ihe Salt Lake range rindica_te no nisalignments Df, ﬁhe
“range until §:37 a.m. when, after having been _toid by Airwsys Traffic c;«.n:t_-,;-qi__f__f__ __
.'th-at. the range had besn 'repozi'ted as maifmction_ing; tile Balt Lake operator .

+ found that he was receiving an "A" instesd of an "N" on the remote __s;'enitdr .
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receivar. The opesrator at Plymonth d’z-d ngt discover any abnormslity of the
raﬁge mat:.t_l 6346 a.m, aft ar he had. been requested by the Salt Lake ooeretor '
f:to momtor tha range, ..The operator at Tintie found no malfunctlonmg of:.r;l:he:
_' ‘_rra.ng‘ek un_ti_; 7103 .a.m. and Yendover never did revort the range as abnofmél.
’I‘here nay. bﬂ sone, J ustification for the Operator at- Tirtic failing-to dis- ,
cover the wlsallgmﬂcrt of- the south leg during the early: portion of. the perzcdr
.. of malfunct;onmg since Tlntic is.well mthm the "¥" guadrant, - It is d1i‘f1—'-
“',,cult however,‘ to unc‘arstand ‘why-he £nund tne range normal mt 6:03 a,rfs and
a‘bnomai at- 7 03 a.m,: and: . ereaftsr when, if reliance is to be placed oh the
'recorder tracc, the ra.nge was then proba'bly operating mbre nearly normaily
_*than at ths bime of tn.., former report, O*‘ course, the recorder trace records
' _:signals recewe"" north of the rarge stetion vhile Tintic 15 located- soutil of

- ,:the range statmn buu from tbe rature: of the radiating system it would 9puear

i o be reasonable to co*mluﬁe that a substanuznl ghift to the- east of “bhe

_:Ilorth leg wem.d be. acconnamed by - a s‘hlft to the wast of the south leg, and.

.E'f.that a change in eﬁher of the J.egs would be reflected in the recorder traﬂ.s;

'Th;.s- cc:cluswn is sunported by Capt"lf‘ Christenson's report of his observa-"‘
gi:nns at 5 33 a.n., rem which it appears that the gouth leg had sh:.‘teﬂ i:o
s ','the ’west moTs. than 22 degrees ' Tmtl\, is 12 degrees west of the: ‘DLbllShed

‘c*mrse of the south 1eg.

 The’ fallure of the operator at Wendover to detect the abnormal operatmn‘i

‘f _he I‘a,nge 15 explamab e in view of tl‘-e fzzct that the statmn is located
80 that_ a shlft of the west 1eg to the south wsuld be dlfflv_.'&lt it nat imms- o

_.to detect smc "A“ is ‘the noraal signal and such a shift would resul*-‘v

placmg Wendover in an “A" quad“ant L
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Tn; fc..l;.x.ul‘u of tne Plyncuth ozwerator and ths Salt I.als:m opera,tor who monir-;_.
tdied the north leg to detect the deviation of the leg from its nomal bearingj :
is much harder to understm;i Eoth vhe Plymout‘l star,lon and the remote re- :'
c-ﬂzver which is o*agrauec‘a by the Salt Lake opurator are 1ocat'=d. in the "‘”"
auadrant of the north leg and voth of these receivers are so s:.tuatad that
any appreciable deviation of tne leg to the east ehould be mme{hately detac-f

ted., Incdeed, Mr. -’“nomas Bgurne, Chief of the Alrways gﬂgmeerm&' DlVlSlOIl

" under the then """"l?‘.lstra-—{)l' in the 01v11 Aereuaubxcs Authorlty adv;xsed Unlted'-;f

in Pebruary of 1939 that the Plymuth station would be able to detect a deva,a;

'tlon of the nerth leg of 1*1/5 degrees to the east, There appears to be Iio .

room for doubt that t 1= Plye:zmz%h op&,ra.tor, at ;east as euz'ly as 3: 10 8.0,

" should have observed t e risallg;n:&ent of the rorth e, for at that tlme the ‘
'_record.ed ra.tlo was anprqu.ately‘ the same as it was durl 4 the -wermd betwe'
4340 aun. ana 4:;0_ 2., at which bire, a;ccoréi‘ to the tesummy cf the rafli

" experts, the nortk leg had swing at lesst 7 degrees to the east Even at

:.2 40 8,0, t’qe in uic'a'ted' rétio wé»Sj ..6.9 whic‘ was a")p.rox:ma tely the same 'ﬂ’al‘lle
-as shown b ’che recorder trace at '?_:46 a.;w However, ot 2:46 a.m., Piymouth; o
:-_repnr-ted sornal OPSratioIi_ for the Salt Lake range with a famt nH!f beinar re~
.,ga;ivad, "'mrcas at '?45 he reported abmormal oneration with a moderate i L) .
b‘““&ﬁ réce%veﬁ_ ' ' | : o

. : As tg the Salt I.a&e statz n, it Sh._nl-l(l te ;.,ted that the c’alt Lake .
1{}'351'&001" ‘"'Mnlt"l's the n-.,rth 1cg tﬂr{mrh tbe sane receiver whlch is used wj_t;h;:;
:_’;;:the aﬂt@ﬂ&tlc recorder and thm ‘the "Dera,tor actuallJ 1131;5113 to t.‘c.e Same. -

slgzza}.s and, thsre;c-re the same Slgna.L ratlcs w}'_lch ‘,x:tuate the recorder Tzsen

which nakes the trace. 'At-z;:_zz;_a.;n., just b_ef;are the acci:}ent, the,o?-_%ratﬁ__,l_‘
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' entere:'i 111 his lo "onitored north leg Selt Leke range, faint 'N? aural'l:i';

R
,\,~”

. .__Vnomal" ' At thls tme the rc,c:order trace shows a Tatio of 0.5, a ratio 10h‘€1‘
";than that whlch ex:.sted for penods ‘after 5:27 a.n. during which amm;;s
: ‘V-Oﬂera,tor T'emorted a 1:Lg t ngn em{ recelvs&,'tarhich‘ would ihdic'ate‘defi#ite
. - malfunctmpmg of tbe range .
i T‘le aural DD‘iltOI‘ln{‘; ohservatlons at Salt Lae City and Plymouthwere
. prob bly 'nad ﬁfflcult 'r,;_r the presence of stati‘c.-' One-of theSaltLakeﬂity
orerutors testlfled that the sta.tlc Tovel was equal t¢ the signal :1.éi;'6ji-"rzrﬂﬁids
alt.n»\um. rxost of the ')ﬂeratdz‘;‘s 'irisiéted that it was possitle "accufatéiy"-i-:b

determne the slgznal oewF, recaiveu under’ sucb Cf}‘iditl"'ls, it ‘is doubtful

o whet}!er an overator comi ma” % fine ﬂlsr‘rmmatmn 'between szgral mtensr-:

P -3. tles requlred for accurste r.,Jz;;e nonltcra.nf“ vhere 1nterferm£‘ I‘Olsesa 9‘1‘19-1

in 3.ntens‘ t;r to the s:tgnals 'being recelved are present. In fact a.a oneratar'

?monltormg under such candltions ﬂigh" t‘ur_k that he was’ hearing the sigtaais

;h always heard ancl er"ected to hear. Testzr*on,,r would also’ 1nd10ate__§'ha _a

on51derable amount of thls statzc to v.h:Lcr reference is r"ad.e is: what is::k-ﬁaaﬁ“'
as . L &OV’“ statlc. "Snow“ sta,tm is a form of rra tation anatlc and has t?e
:'.'churacterlstm o*’ creati“;g a caﬁtlnuous ne 1se in ‘the receiver so ‘fhat when 7
.fecélvu“? uuuez' these conditlons, the oFerator does nrt I*eve the opportunitg

,mhach emsts un@ r the conditisns of Uerash' static to l1sten to thﬁ 51@315

?between thu ‘:n,.rsts of 1‘2"‘158._ Tbere is c.l':'o the ﬂatte* of ear iat1gue ﬂliﬂh

dcr heavy stat:.c chnultlons mc.y be' an mﬁertant factcr in the abll' f‘f

arutor to Juﬁge ela*ive mtensa.vles of S1gnals——which is t.he Pl'l

m*‘ement fer a,murate mmm.tarlng, Thls 3,5 parhc*__larly pertlnent 1'_

Gomgmn catisns Cnerator Andrews who, tiue ’co Mr, Daley‘s fallw:e'
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~ the broe;dcast watch during a period vhen sté.tic was partigu}_.arly heavj-. ' All S
of the operators who testified insisted that since a major part of their ex—
perience had invelved llstenmg to signals, they could monitor more accurate-
ly by ear then by the obgervation of a visual meter but it is balleved that;
-while operating experience enables the operator to determine when a szgnal
existe and to form mentally the signals into the groups which signify }.etters":
and words, it does not necessarily enable them to make a fine determipation o
of the relative intensities of two signals under severe atatié -conditions, -  "
Considerable thought has been given to the possibility that both the
.recorder trace and the aural monitoring reﬁort__s of the Salt Laké o_perators
- could have been correct. One dlfﬁculty in arrivmg at this conclusion is
_t-hat while the recorder trace shows the same signal predominating throughnut_..-;

;_the mornmg of Novenber 4, tke nonitor reports show one. mgnal preﬁaminating '

.i‘.p;“_-a.or to 5:37 a,m, and the other signal predominating after 5:37 a-.-_n_z__._; Thls i
can be explained only by making one of three assumntions' Fi-z;st :t.hat- the
autonatic recorder equlpment operated differently during the two permds Qf
~%ime; second, that the aural ‘monitoring equipment opﬁ‘rated dlfferent}.y durmg. i
the two periods of time; or third, that the ear responses of t.he hsteners

. wers different for the two periods of tiue, .

| A:s to the equipmént, testimeny indicates that both the aut_omaﬁic reccﬁle_f-
:-md the aural monitoring equipment .ppezzated _i_;he_ same. during the two periocds of
_ _ti,z:;_éz. As to ‘the ear 'res_pon_sg:,_, no exact information is .a;v'ailable but the B
_- ,pger.gt-oz.fswho; ﬁa.de. thaée .moni-to:jring Qb.sze;-ygt‘i_é:;s_tgstified and, so far a_s;.
-_ééﬂé._-be .judged,~'-1;i1§_i;'z- hearing was normal, Such being the case, it would be.

-unreasonable to as#mae_ that of two cperators listening $o the. sane signal, :6.:1&_'
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tﬁwould actually hear a 11c,ht “F" and. the other a moderate "A" Therefore, it

zaay be concluded that the aural momtormg renorts e-.t the Salt Lake sta.tlon .

H'-"were not at all t:mes accurate ﬂbserVatlons of the mgnals at.‘,tuall:,ar receiYE!L

ey

The a,bove discussion applies eqaally to Plymouth and to 11nt1c. The
E Qperators at these statime, unl:tke Sa.lt La!re, were not llstemng to the same

voltages wlucl'- nroduced the recorder trace, and thus i‘rom the recorder t.ra.ce

g alone we might be ‘wmable to say with ceruainty what s1e-nals should have been
e B f -
"-recelved by them. Fowever, the :'ecorder trace mdlcates the nredeminance
of one sie'nal dnmng the entira rmrning a.hile the onerators at Plymouth and
'7T1nt:’r_c renorted recew:mg ene preﬂm:inatlng s1gnal at one r\erlod in- the nern-—

ling anai another predomnating signal a:l; 2 1ater perioa. T’qe cmly way in Hhmll

"this mconsistency could be explained is to conclude that changes in f:.eld

.Pattern moul& nct be ref}.ected by changes in the recorder trace. Wewha?'é 31"

read.v stated that there are & nwnber of diff'erent fleld pattems which cmzl&

pzzaduce simzlar traces and for that reeson have been unab}.e to determne the

i_,emt allgnment of the range *‘y the recorder trace alone- 011 the other hanli'

i

it'a“pears reaeonable to essume that the trace would 1nd1cate any trenntianf
-3'frem one fleld pattern to ez\other, even though the f:u'st and the fmal Pa*-" f
g terns did produce the sane- trace.' Also, the conditlons whlch prod.usced the

1”31‘1 pattern enstlng on the mornmg of Hovemuer 4 were in themselves snf-— 1-' '

.ently stable ‘!:o canse progresslve rather than ebrupt changes in i;he f1elﬁ,

observe the slgnals actually ‘oemg recewed
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In the case of Plymouth, an additional dlfficmlty is presented when an
- attempt is made to resclve the conflict between the a.'ural monltoring 8-‘-15- “’ﬂ
- recorder trace by the _conﬂlsmg natu,re of the evidence con_cernmg the actl'vi-- -.
ties of the monitoring operator at this station, There is no ax:curata reco;‘d_ .
of his activitias during the period imnediately follomng the accident and.
the records which do exist, even when- corrected in acgormce with 'the tes_i_;.g.-s-:._- :
mony.given by this operator, still leave di_screpancies._ 'J.'}_ms, t_he_ré 15 ng :: .
record whatever of monitoriszg having been '&ccomplis.he-d' at 5:46, | Als‘ol, it S
" appears that the routine weather report was not transmitted on thétéie#yp&
‘from Flymouth at 4:35 a.n., but that a weatter observation was'éd.e"at
'4:45 a.n, The Plynouth station, according to ite Range Monitor'llieporrt mo':ii;_""':
- 'tored Locomotive Spmn&s from 4: 40 to 43143 pnd monitored the Salt Lake statuo.

from 4146 to 4149, thus naking it necessary for the weather repnrt shown for

4145 to have been made and rucorded :m three mzmtes or less. . Fﬂ_gmﬁah_des. ;’i:?

t:.on of the activities involved in making a weather report. 1t would appe

? f

“to Ye doubtful whether a conplete and ac"urate weather reﬂort can be maﬁe 3,

"~ three minutes, This, taken in conjumction with the failure of the Dperato;'_ '.
to maice the regular weather report ab 4135 a.n. -a,nd the ioﬁi'ssion"df'ali the
entries having to do with the op ~erator's uctlnties for the germd of 5: 00 to'-:
6:00 a, m,, casts doubt upon the aceuracy of all statlon rec:ords made by thi,s' 5
Y 'ol:erator for the nornlnb of Eoverber 4, | A |

. Thﬁ- testimony at t‘ha hearing 1nd1c~tes that tnc Salt ‘Lake radio yrange 1“1_
the mnost. thoroushly nﬂmtoreu. rahge 1n the cnuntry. It is momtoreﬁ. frsm
':'_"flve recenrers and thus, presunauly, is checaed four timas in every hou:: d.ur—w-_'..

ing the 24 by the outljlng stat:.ons and the ra::aote receiver and contlnuousl; :

-by the 1ocal receiver. Tha snecial ramote monitor on the north leg is. the
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only one of its. kind in.the country and it is specially desizned to detect
_311 ht movement s of the north or low approach leg of the Salt Lake range.
Thiare_labor;a,te monitoring sygtenm was instzlled beaause of ‘the known insta-
bility of the Salt Lage rTadios Tange., However, notwithstanding these ‘extrenme
efforts, it seems frozm the exrerience of November 4 that the effectiveness
of the monitpriag sysben provided still Yeaves riuch to be desired.

From the testinony it appesrs thet while the nonitor’ operators heve been
'q_ualzfleu as rauio operstors, they: aTe not aldequately trained with specisl
reference tc the work of meaitoring a- redic rangse, The ressensibility of that
_ work is great and carries with it:ihe corresponding'need-for careful tré’ining.
This is particularly true .in the guse-of g range which, like that at Selt
 Lake City, is unstable and where feviations in“course sligaments nay lead
. r}?_i}-OtS into high terrain. Howsver, ms insiructioms were given to the
O?erators respor..\s‘i_bl:e foT monitoring the Salt Laks renge explaining to them
the pecull rities of that range and the effact of particular a atmospheric Ccon-

A “i§l°33 u@?n its';“ncPi3Ein%-;nQ? yere-they given instructions as to an¥
’ special monitoring procedure to be: followed whenever weather conditions at
. Salt Leice were such as t0.indicaie the possidility that malfunctioning of the

ra:;gg r_::j_{ght _z‘.esgl_.‘_c_‘_,._, T S R SO S mTie TR s
‘Hersover, sonme, ';‘ least, of the moniter orerators apw*ea.r 1o bave gained
it tllé aprreciation of the practicel effects of monitoring upen #'he”'Saf%’t-Y of
a.iz.'_v__tran-sportation, Those who testified-had Little, if #hy, Koowledge of the
WAy i which raﬂm range Courses are useri by pilsts or realizatzﬁn of the
: Vgraw t;y of ey a‘imaﬂanty of the. Dﬁ&f'&tl&ﬁ sf5¥he tangs. -B’acausé_"t_l?é_tﬂﬁ‘

~type cir cuit connecting the Tintic operafot with-the $41%:Lare statioh was
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out of u‘ier h., ,all 6. trn re~ori t-,c fael a’c he hai found the south leg

of the ranze ”1<='=J.1rv~ne c..t 7:02 &.m.  He apparently 4id not belisv

[44]
o
Iy

b
[+/]
tn
Judn
5
o
5

-

tlan su:“fz ‘I:ls_r serlous to Justify a telephome call tr the Salt Laxzs station

alt"i')ush he was snff c:u,nt ,,r concerned sver uis dlff4c izs with the tele-

¥

tvzae circuit to call ‘t’l—“ tel ype test Poaré at Salt Lexe City at 7210 a.n.

.

in order to Jetermnﬂ the cause, and sﬂc’*“e the correction, of the trouble

wi ,h t-.m fa{:ilitff. Nor d;‘L»:I it geeur io ’aiza, aprarently, to reguesst the per-

son with whom hie was sepeaizing in § 'ﬁt ua::e -gl sy fo rotify. the Sell Lize Com—,

Lak ran.;_,e. The 81:* al recmlved '[;f the Tintic cmerator indicated either that

te soutﬁ leg.:hai _::*f\v.:u_ consmera‘*ltr more than 12 degrees west, or that the
"-:w=~st le&, - Ia& nov ﬁ-é atcuu rE! ﬁegraes south, but he festified that he 4id nod
| kﬁ'lcw the dista:r_-ce between Lhis a8t ;,tirm g.,ud *he sﬂm;h lasr uf th= Snlt L e range
or the effect of the abnamal functicnizg of tre. ?eilt-)‘,.ax& range won the use’
th fac:.llty fcr tne purncse of air nav_iga;i;n.
’i“he -Sf;t L fe 0 ;qrator who k:a;na on du‘_oy late, at 5:05 a.n. ,‘tastified
: thaf f';]E @id ““:t {éc t‘lat 1;1.19 north leg of the Salt Laxe reng 8*‘1‘53{5“’:13‘3 Fue
used f:}:z' low nfef—_froéc}zas 1o the airport despite the fact that it was ris duty
ta mQ‘"lt T t-m;'l—eg. ‘7 I_n_ac}iition, he testified that when ne recgived-an ah"
n"rrr:,lsa_‘;l ‘f_r‘:._m the Tange at B13Y a,.m., it digQ naﬁ r_m;‘@r It,o ~hin that the
éigﬁa}. iniicra‘c‘.ec; thét_ tl"e nerin leg had svung to tﬁé'egst t«_m@:—c‘;‘.the noun—
:..;-3117 L}L"‘*Stl‘“e;‘ ;s t". w‘bv I:u had failed to issue u\,tlce to Airmen

o

: nptifyi ™y “iluts f*f thv A;al ”‘Ctl ing. of the ¢ &.ge gftcr he rad rec,eivad &

i

' rewrt "rﬁ“a a rils t unat 1‘2‘. Was ‘f‘mﬁctlm ng a‘"norm_llv and t.‘cze rerart had

" bem cor jirwa" by h;s awr ?’EO‘JIEOIJ...E, h.. stated that he d4id not deljeve thé
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. _;f,malfunctwnmg of tbe Tange ¥as cstaousned thereby with suff:Lc:Lent carta::ﬁtf
: ;f__ _to justlfy such. g not;.ce.. Wnile the written instructions under whlch he Has
: .‘joperatmg anpear to be ambiguous as to the actlon required under the clrclm-
- stances, a proper Tealizatior of the seriousness of the effect _of_ ,_t-he;_;;'lal—-,
fjé._z_;qtioni_ng -of .tha-'rgnge wo.ﬂld undoubtedly have impelled hinm téx -res_olwfzé"ihi'rsr
doubts as ‘to the actmn required by issuing a Notice to Airmen immedlately.
_Howevnr, he sought conflrmatlon of hlS own monitoring from the outlying mom-
 tor stations and calléd Wendover first, them Tintic, and then Plymouth whzch_
f;latter station he mntacted at 6:34 a,m,, nearly an hour after ke had origl-
: _.’5_‘ al_w received the abnormal signals, When asked as to why h?. did. not if;.rs{;
Call Plymouth, the station best ,located to affirm or disprove his findfﬁés,'
- _he sta,tecl that he was not certaln at thaf tine that Plymouth was. t.he Qutlylng :

‘ statmn which momtored the north leg.

Mr. Daley s, actz.on m seelung confirmation of his own. nnl.:lf;“

han ime ately iseuing a Notme to Airmen was ccncurred in by Mr. “

: i'_.operato-r in charge of the station, whon Mr, Daley called about/&-:’@ij a?z..:i!.l

: Mr. Bavm also apparently regarded t - pilot's report of malfurctmm: .

.t&en w:,t} the abnomal s:tgﬂals received by Mr, Daley, to be msn:ffa.cmnt

. 'jproof that ‘the range vas malfunctlomrg to justify a Notice to A1rmen.

.ad,dition, after arrlvmg at th.e alrpsrt at apnroximately 7:00 a,m.; 0113 hou.r

aml twenty-three mnutes ai'ter the range hed originally been reP‘Dl‘te‘i

'functicmng, and hanng ‘been-advised that the yeport of nalfunctioning.h&ﬂ nﬁ?

been conflrmed by the remote mcnztor recezver but also by the' ﬂn""

stahonr at Plymouth, Mr. Dav:Ls falled even then to issue a Kotme te

InStead he devoted his tine to preparing an emerzency warnine advisioz ths
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variou¢ communications stations and others tha’c an alrplane was unrepc ~ted,
He fine.ly issued a Npotice to Airmen at appromﬂately 8 20 a,m., alnost three
hours a¥ter the range was originally found to be malf_‘unctianmg. |
‘ine behavior: of the variocus orerators subsequent to the é.céidént.'_;.ndi%
"~ cates a lack of appreciation of t_he importance of_ nonitori_ng whic_-;h mak_és it L

arpear all ‘the more probable thati_ the moni toring rerorts in the-earl}-f norDe .. -

ing of the 4th, prior to the accidlent, are unreliable,

COXDUCT OF THE FI.IGHT
Having corncluded that the Salt Lake City range was operatlng ahnormally '
at the time the accident occurred, it does not necessarily follow that thls R
- condition constituted the cause of ths aiccident There still re;-:aains_ the

hecéssity for Anquiring: 1nto the uauner in which the fl‘ight was-.conducﬁtéd by

all: those who were concer*xed wz_th 1t before: any conclusion .am: be reached on
thig i c~de, " '

“We heve already de‘t‘erﬁ_ine&' that the a.imlané was in airworthy condition
with i's equipnent operating normally all during the -ﬂight.' Also, from the-
recora it appears that the we ather renortlrg and observatmn in. so. far as it
" affected the flight of Trip. lG"was_efficiently and sccurately dome, The ter-
Iﬂlnaland airway ‘foredasts upon vi}_?;zich the flight .d_epe;ad;eﬁ were substan_tially. o
-accurate and-the flight crew was apparently kept fully advised as to the
 weather. c.onditions .exi'éting in. S'alt.L'ake -Ciﬁg:.: Thera: .al.e.o. seens to be 1o
: questlon but. that the trip was Propwrly thspatcheﬁ. fron Qakland to Reno. fhe'_‘
'_:tmp carmed ample fuel and 011 and an’ am?le supﬂl}.r of oXygen, was properly .'

.;'-:loaded tha weather was: excellent and. there wersa no renorted failures among ;
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" alr navi-ation fAcilities gloénzg the route, While _the -digpateh fron -Reno was
made te i terminal ‘at which weather conditions fell below mininums fron tize

to time, thé trip could not be said to have been improperly dispatched bew

" Gause the ceiling and visibility at Salt Lake City werée variable, good

'-":wieathér'co‘:i&"i-ﬁ'zi.-:éris existed at the designeted alternate;.and the .tripr-cer';'ied
.‘- 'su'_fficient-'—'fﬁel‘-ffo ¢arry it ‘not only to its designated alternate ‘tut-for
several hours thereatter. -

A iarge amou.nt of evidence taken at the hearing desls with the operé.tién

of the flizht by the flight crew and by Dispatcher Edson, who was responslble

L fer fumlshi'lg Trir 16 with all weather, traffic, and other pertinent inf‘m"&'

“ticn relating to the - oneration of tha trip, On the flight betweén Elko-and
. Balt Lake City, the only unusuel ¢ircumstence which can be said’to by’ of COR~

sequence here is that because of extrerzely heavy static, seve ~als radio can-

:'tacts at‘t mrted. 'S both Trip 16 and the ground station were not coélplete(..-_ _
- This ig clearly sbown by the fact that the trip was anparuntly unabls to resﬂ
:-"_- the Sa}.* nake ground. station for some time after j:assmg ovVer !\'_gnd.qver anrgi,__

'ai.ter rassing;‘ over the Tinpie markér at 3128 a.n. , Was arparent'l.jf"'unbbl"é' -#d-
""zlescené to. 11 ,000 feet over the Salt Lake City range sta‘by)n in accorﬁance

| Wlth Previous adv::.ce to the* Salt Lake City ground station, 'I‘he ﬂight re—-?

o corder card shaws that the trip descendad to aﬂpr011mately 12, 000 feet after

S passing over Timpie and somé unanticlrated condition, presunably heavy statw

au.sed Captain Tey to stop his descent and climb again to 13 000 feet a.t w}nch

: 1tude he- passed over the Salt’ I-ai:e Gity station’ at 3140 a.z::. _ The trzP

"’-f*:"again reDﬁrted over the Salt i;elt:e etata.on at 4 03 a;n, at 14 000 fe : appaz%-

11’513' haﬂng been raquired to aseend an' alditional thous'md feet in;:_‘_: B

. ;'.stay on ton of the clouds where the static was less severe,___
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It is nct clear what course or-;c_:O‘-J_;'.s_és the trip flew between 3:@ a.n.
when it first passed cver the. statm‘-, and 4303 a.iz. when 11; again rererta&.-:
aver, However, from the testimony.of United pilots, it would a;j;ge'ar that the
usual practice wnder the circumstances then sxisting would hav_e 1‘ed'captain
Fey to shuttle on 1;_1:19 weet leg of the Salt La_a}gge,-(}ity irange, v:gitipé,’ for mpa;-_e _ _'
Iavorab?,ge conditions under which te ‘fstlart a: l.etfdown ?roce&ure. - During th_is_.
period, Kr, Edson made several attempts to communicates with t’he._ trip and the
- flight recorder on the airplane shows that Cantain Fey also attémpted i;_o _
contact the Salt Leke City station without suceess, From 4:03_@1;11 4:26.a.m.: |
..-whén Trip 18 & .;a . BDT roac..;ed, th& Salt Lakte G:Lty range stat:.on, it seems |

p*o‘can.l -that Ceptein .ey agzin shutilsdon the west leg whi}.e,waiting for -t'?:xé.:;--"'

stetlc o clsar su_fmlgntl’y for hm to begin h:.s let—down-—through proced:ure. i

: Dumng this permn;-~ also the f ight recorder sbew;d th{t Trj.p 16 made numerous
,..-atte,.;pts 1o cqnt._.ct the S.q,i.t .Jas:e statlun. E - o :
1t is e_v:.‘._ent thst bty this _tme Captain Fag had becona somew‘pat dnubtftﬂ
~as t'J whather & landing at é?lt Lake Cl;.",-f was f\,asn.‘”le in view of +he heavy ”
static o ontitiors, and was consuxar*ng the 1;0531.J1l;ty of proceedm.g to some
&lt{é_mate point, This is clear fror his staterent to Dlspatcher mdson;
-7-”'Lcﬁs.of sf;étic at 'ti'mes. Fire ell aver t‘angs c;ld can't, hear the range. 1
dor_'t know wh;.tl:er we can gct in l"ére or not, Unless. ue can pmk ap the .ﬁalp
: hlll havg; to'-get cut Qf here, " 7_'11'._7 app_ear_s that at the._r time_ of tke 'c_onverg_aa
_ t'ioﬁ-, Tfin 16 was in t’ie.'ir%mediatré vicinity of ‘-f;‘ha station for Dis'patcher P
: .&ﬁsen test fied tbat ,Just frl}.owing the canvers&tion he. heard the tmp Just -

_ east of the f;em
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in a!:cc«rdance with Caﬂtain Feyfs ¢uggestion that he might ha\re to pro—
< .ceed to spme other poi_‘t Dls atcber Ldson then obtaired & clearance from
Alrways Trai‘f:.c CoMrol for tne trw to pro ceed from Salt Lake City -to ;1.1}{0;';-

--,_Hox«:ever, 1t apFEa,I's tha,t shortly a.fte.r co*mletmg ‘the conversatmn wzth Dls-

‘reported 11'._11 at the trlp was cn the north leg at 9,000 feet, that 001‘.1&5.

Unde:- t_he aonroach'proce&ure used by Uﬁited at salt laxe c;_ty'-angi ap‘-

_proved, Dy: the Cavu A,aroneutlcs .!r‘*ur.z:ts.,r.-fm.omJ the pilot crosses the range

.descent long enough to lose appromnately half the d;.fference batwe

initla.l altltude ‘and. 4800 feet and the.; a proce dure turn to ‘fthe Iefj;. is fI'.!_e'--

gun continuing _the descent, The minimum altitude for this procedure _turzx IS

: .E'?'=-50.0 -feet 'I’he ‘m:rn- consists of a &5—1.-.6%"63 change in heading to -the_ ].eft,

'_.tﬁ be. held for one micute, tken a one-minute lchr-degree turn to the r1ght r’ﬁﬂ:_-

,-,fllght along the 1‘6011,10031 headng wntil the 1eg is intersected, . A tm‘!i';zs

-'-r.'__‘the" made tnwam the station for the flnc.l ‘approach &nd a steaay rate c-f

':.f:;,:.d,,scent 15 continaed, passn:&_ over the range station at 4,800 feet; G!' ﬂPg

<o T tely SGU fect accve the grou.nct,,

The questien necessarllv ar;ses a8 to the nrobable flight path f 119
'-.-__"03' Captam Fesr i're*n tho time he left. the vicznzty cf the Salt Lake o

| e.p;f:._ir_:._:ee_,d-_x;urtb, afid the t_iz:e he crashed. Tt appears that the most accurate we
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of determining this flight path is to begin at the scene of the accident a2nd

‘- work back along the flight path probably followed. | :
In making this détermination, it is assumed théﬁ'Cééfain'Fey'atﬁempted tQ
. £0llow generally the normal let-down-through procédﬁré. The only evidénce
which might ténd to indicate the contrary is Captain Pey's 4:37 a.m. contact.
Bocording to the radio log, Capbain Fey said to Dispatcher Zdson at that time -
--,“OK,‘we are on the north leg at 9,000 feet and there are breaks in the'clouds -
out hers. It is' quite a bit thinner. Think we can come’ down ot he_r‘e" and
£ollow the: lake in if you want us ©6 do it that way." It might be stated
that in making the vnderscored ghatement, Captain-Féy'intended'tb descend in
the area in which he ‘was then flying, establish contact, and follow the lake '_
- into the Salt Lake Airport. Howéver, there is every reason to Eéiieve thaﬂ “

;“he dzd pot have in-mind any such oneratlon.

I the first place at the hearlﬁg there'was a oubstantlal conf11ct of il

'fiopinion as to whether the word “lake“ ‘as 1ndlcated in the radlo 1ogs was   . .} 

' hoi‘a mistske in conying by the radio operatdrs:and'shbﬁld have'heen “leg“.
"The United radlo operators at Salt La&ﬂ Clty and Oakland logged thls conver-li S
f“:;?;ation and the one at Salt Iake copied the word as "laket' whlle the one ab
i Oaklénd copiéd it as "legh. ReyreSeﬁtatives of the Bdard lis;ened to-tne
“record of this.hoﬁveréatidh'madé'hy the‘autOmatic:reéordéf'gt3Oék1apd.and
l.were Lnable to deterrlne which word was actuall, used o .
) In addition, it seems 1ﬂpossible tbat Gantaar Fey, wbo was farlllar w1th
fethﬂ Salt lake City area, could have 1nd1uate& t“;t ne mas going to fo;low the -
i}laka into the Salt Tl 1ty Alrnort because, first. ‘south of the Layton fan ':;E'

arl:er a.nd west slmsst to Antelope Irﬁand t‘*se land salt flats, and the wa.ter
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blend to sﬁch an extent .that it is impqssib_l_e to distinguish a shorEZL;ne,

a1d_second, even if Captain Fey hal been able to £3nd and falloy the sbores

: 1t 'wouid have led him to.a point almwost as far west of the Salt Lakeclt?

| Alrport as he was north of the alrport at the time he made the ‘?0‘?“'.379;9',_:7.

- ..'*Iﬂasaying.*Thiﬁk_We can come down out herel, he must have been indicat-
. _ing ‘that he .pror\osed to continus the descent he had begun after 4:2653,.13.

, ,followlng a stardara instrunent apnroac‘z In saying, "If you Want us-' to do 11

- that Way" he was undoub edly referrlng to Dispatcher Bdson's Statement maﬂle

- immedlately bcfore, nif you are unable to make your approach, we want yau ts
return to Elko. We will have Trip 11 go to Elko and adjust the cargo’ o
When 1:101.111':{ was nade of D1spatcher Edson at the hearing as to hls 'andsr-
standing of Captain Fey's intentions after the 4:37 a.n. contact, he stateé:.
-':,that he understood that Gaptam Fey intended to contln..te his stand.ard 1nstra-
:.'.:.;fment approach to the galt Lake City Airport and pointed out that he at that
“ tlme ha& Sald “That is OF to continue your approach, Howard. I wlll kee;v :fca
"'.,__adjvis‘eé- " Thlls, it appears that the only reascnable conclusion whzch can i:e
'.'rergcl}g_sl from a study of this conversatior between Captain Fey and DispatChﬂr
'___Eﬂ.'son is that Cap.tain.Fey did not intend at that time to spiral ddﬁn a.ndccﬁe
.;.1!1 contact but 1ntended te contlnue his standard 1nstrunent anproaﬂh proce@q
to the Salt Leke City nlrport N - ;,;;ﬁﬁ' |
In seeking to determme Captain Fey's flight path, it is also- assw::eﬂ

that the clocks in the an‘planu a.nd the clock in the Salt Lake radlo statnm,

. from Whlch Lhe radio operauor made his log, were showing the. same £i.
: '-'.aSsvmptmn 1s based, upon the fac:ts that Captam mey checked the sh""

:-_.._{:-ylth i;he clock in the radio statlon at Ogkland befors takmg off foa Salt Lak
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" iCity-and that.the Oakland clock end tie Sels Leks clock appear . 4o have been
“'-:;.::the--same .becanse on S:’%‘.’eral occasions o t_; statlons ccmled +he Same message o

. and lpgged it as having b been rec elved at the same tluv. Therefore, this as—

-~ sumption seems well founded,

-1t appears to be well establlshed that tbe c*'ash occur;ed. at 4: 42

 One_of; the a:.rnl'u:e clocks, ..r]:uch was found 'to be llutle danaged had stoPrec >

at, that- t1m= -and th:.s 1s consmtent w1th the data shom on the flizzht re—
“ corder,.-.It also seems well es.,a'bllshed t‘raat at some tlme betweén 4:0% a,nd
4240}, Trip 16 was within tne area in wh*ch tne v1sual slgnal of ‘the LaJton
" fan marker-could be received (See nlzure .n,). A_t_ 43 40 2.0, the Salt Lake
radio overator lggged .a nessage from_uapuam Fé_j l1n which he salel "We are -
over Layton at 8,000 feet ndw." With respect to this sua;tem:eﬁt 'thé testmon
~of United pilots 1nalcates tnat when a fllght reports n over Layton" | refereﬂé {.
-::: "13 nade to. the Layton fan marﬁer ard not to tnc town of Lay'ton. Thz_s testi«-
':-"moqy glso 1nd1cates tnai:. when such a renort 1s ;made,rlreference 1s made to the
.' vi sualr. rgthe-r than the aural sign_al of the Lavton f-a_n mé;:-rker.'.. It appears
' _"'_t.hat& the aural sienal of the fan marlcer-z:e;f' .be receive‘d over an é;'e;a; "a‘}‘PrOXi";_-w'
- mately twice the size of that in which the v:.sual s3.g~;nal may b ‘*e seen. .* The
g éur-ai signal may be heard as far south as ?ar’:umgton aﬁd extends ’c.o the east
__';-rwell into. the mountamous terram and- to the west faz‘ out over “the lake. Thu.s
.-f_'__ii'We' are Justlfled 1n-assmnmg that at the tme he made hls 4‘40 a.n. remort

_j"’.Captam Fey was ooservzng the visusl szgnal f1rst, uecause he ‘would thus be

{:-'t?"'followmg the establlshed nrocedure, a.nd second hecause due to the extent. of

-y ..,._._M__..-_...‘.._._.-.,a_'...._.._.“__._.... .

' "*.‘Thg_ mgnals of a radio marker are recewed aboard an -ajirplane in two Ways,
‘oné, -through the earphones as an "aurasl signel” and the other through the L
owmg ef a lamp in the- ps.lots co:npa,rtment as a nvigual sz,gnal“ BRI E
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the area in which the aural sigpal of the fan marker may be heard, 11: woulﬁ' :
. not con,st:.tut.e a. su.fflclently aeflmt-e fl‘t to use e:.ther in. ueterm;‘ni.ng h].s )
. ,‘.posﬂ.lon or m rayortlng 1t to I)lspatcher Edson, It also seems reasona.ble
'_.to agsume uha* t"ilS report was. actua.lly recalved by the Salt La.r:e raﬁ;lo -
operator betwsen 4:39% and 4:40% since such messages are logged bo the Tegyed
_-mmute Based uﬁoh these ass*um;;t ions, which. .appear to be well 'founded tbe .
_ ‘_A,trlp flew from a poént at which the v1sual signal of the .Jayton marker coulﬂ
. rbe:_receiv‘e___“i to the sce_;;_erpf _the_aqcident in a naximm of & m}nut_g_g_. -
1% also seens reasonable to assume that at the time Caut-ain F'e;sr -i‘epgrteﬂ
k_ _‘cver Layton at 8,000 feet, he had Just completed the 1g0-degres tlmed tum
p:;)rt.iqgl af the pro(_:edur_e‘ turn. That Captain Fey would nake the _presgylbed
__pzj{}ceclfu;e turn seens _appa;gz_xt sirce, ‘t_:_c _a_pilpt of Captain Fey's t;:g.iqing’ -aﬁé
experieme, in addition to ‘being the prescribed practice, this maneuvér':woulﬂ_
‘be the most natural snd easiest way of making a 180-degree change in cou_rs°

dming a 1et-—down~—throu5h procedue That he would, have renorted to the Sal’c

l--’g.L:ak‘e _:_st‘ati_cn.up.on the c'ompletion of the timed turn portion oi‘ the pmcedm-er

}turn a:atiner than at some. other time seems reason table s:ane,_from p}.lots' tasi:r
_' .meny' take‘n-at_ the hearing, it appears to te the established practlce for
. pilcts to rencrt at t :is wcmt turing a let—down procedure, |
Smce an exam&atlo of Figure A w11.:. show that the shortest. d;xstance be-
_.{twe‘,n the limits of the visual signal of the Leyton marker snd the scene of
N _T_‘.:the accldent is about 8“1/4 m,les, Trip 16 must have made. good a ground S}reei—
| Gf atleast 05 m:.les per hour between the time the report "over: Layton“ '&3

: :;f;_maie-a'mé‘ the tlme the a1rnlane cra.s‘rzed Moreover, the evmence wm,.l' mdlsate

__that thls grm:nd sp:ed is prohaaly the highest ground SPeed that w

_le* sonahly assume to have beeq =: da in the area’ in V'hlch Trlﬁ 16 w

S .cardmg to .the le‘bfhﬁm'n prmaﬁu‘e @rescribed by Lnlted for Sslt.;

LomE
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| and which we have clready assumed Capudln ’i'e,,r to have been follow1ng, ‘the. pro—__
rcedure is executed at an indicated air speed of 120 mlles per hour.. On the B
basis of the terperature and altitude, thls, in the case of Trlp 10 would
result in a true air speed of 135 miles per hour ;Ln the genera_]. 1ocat10n | and,
at the altitudes in which it was flyirg. Tl"us, in ord.er to account for a 165—.
'milef-per—hou.r ground speed, it is necessar;,r to assume a helplng wina or Wmd '
of northwesterly component of approximately 30 mlles per hour. ’.{'hls velocltfy .
_1s hlgher than is 1ndlcated by evide 1ce bcarlng upon the upper air winds in’
.the Salt Lake Vallsy for ‘the morning of l\zovember 4 Therefore, we would not
be Justlfleﬁ. in concludmg that the trro wmlld have éncountered a northwest
w1.4d. of over 30 miles per hour, or that it comd have made on tms portlon of
the fllght a ground speed of more itlah 165 mlles per hour | .
It 1s next necessary to dstemme tbe baarlng at w*nch th:xs fl1ght was
__ z:iade_. In order fo_r the ship .to _h_ave flown from the VlSual 31gna1 of the
.La:ftﬁn mark=r to the scene of the 'a.cclﬁent 111 3 m:.nutes at 165 mlles per hm:\r,;.
it would have been necessary for the fllg,l't to have started from that polnt
3 within the area of the v1sual uuhca len of the Layton marker which is clesest'“_.
to tke point of impact, A line joi nmg these two pomts lles alonﬂ'. a mag-' |
rne't_ic_:_ bearing of 127 .d,egree_s. It appc,ars fro“1 ths ev1dence that thc aa.rplane
struck on a bearing of 127 degraes magnetlc. "‘hese two factors, taken to—- |
gether lead to the conclaslon that t‘-u prohable 'bearlng flown by Trip 16 be— B
tween the tize it reported over Layton ard the tlme of *he crash was aoprox1—'., -7:7:':“::3:
- mately 127 d.egrees magnetxc | |
| Accordlnb to prescrlbed proced.uf x-;wn1;:h we have éssumed Captam E‘ev to

:'have folloWﬂd he. had. Just completed a tmed 180—-degr ® turn when he made hxsﬁ
repo:-t over La;,rton Also, in. accoruance with prescr1bed procedurs, th_l_s tu:rn

",-.__:w_oul:d have been begun after a flight of one minute on a headmg Whmh,ﬁas : th?
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{ reclprocal of the 127 degrees. Uxidéi; theassumedwmd con'diti‘.ons‘,l the timed.

- turn would ha.ve been "lade at sn average g cmd sneed of 135 miles per hou.r

g aﬁd the one mﬁnute fllght on the recip owal of 127 degrees would have .bﬁen :
'r'made -at 105 rzu.les ner Lour ground speed I'Thess speeds, directlons, a.nd tlme
mtervals, w‘len plotted on ugure- A, indicate the point at whlch *he prccedure"'
turr was startud ar.d a meagurement of the anzle which th]..; 1:\01111; bears from
thé S?lt L-ﬁce statlon glves a figure of apnrommately 349 degrees magnetlc, -
'.'.r'whlch is 17 ﬁeg;rees .eaqt of the bearlng of the north le away frorl the statlon.'

Doy

: In tracmg the +‘llgh‘t na,th of Trip 16 {ron the noint at whlch th_fe PI‘Qf o

":--cedtu'e turn was started to the point of imp'zct, it has been necessary to deal

w:x.th fac*ors which sre suugect to some veristions. Thus' the precise 1im'i'ts of

~'{:.the visual mgqal arsa of thc Layton fr,n marker may not ‘be exactly as we have 7

""-:.-"pmtu.red. tham, the ground sneed cf the ewrnla,ne may have been somewhat less .

an we ‘lave 1nd1ca,ted t"le t:me 1nt«=rvals nay e subJect to a fel'f secon&s

._"?31', e,t_ion, the beamng of the rec:lprocal heading nay have varied somewhat fro! R

'-?;the value v have usecl end unquestionau ; the flight nath was mot 88 geo- g

E’f'.metrica_hly perfect. as we. have indicated, Hr\wever, bv giving full play to these
‘_:varleblc factors, ‘a varlatmn in angle of only % or 4 degrees is mtroducad

and the values we ‘1ave nsed are well supported bty the evidence and the fllgh{; '

:’"ath arrlved at by the use of tbem appears to te the most nrobaole one.- S

We have no enda::ce froz; wh;ch we can detem:.ne ‘with reasonable accuracy
the £ 11@1’“3 Patﬂ of THP 16 131'10!‘ to the start of the procedurs turn.__- It does -

ear ‘however, that in arrl"lng at the pomt where thc turn was 'sj g

z'i.'aP ain -Fey dld nat follow the on course. s:tgnal of the BOI‘uh 1e-g.. If he 31&41” I

it 1s ﬂlfflc“alt__to understand why he did not agam mtersecs tha;t :
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signal while on his reciprocal hesding and change his heading s0 as Lo fsllaw
the on course back to the station, There appesr.: to be only two posa_ibie - |
_explanations for a failure of this intersection. One of them is that while .
he was. making his procedure tu;:'n, the leg —.sudde_nly swung well tc the east,
,.Howéjver-, this does not seem posaible in view of the fact that the recorder
traée does not reflect any violent change in "NM fop ®AW. zfatigs‘ at thiz ti@é,_
which change would necessarily have had to occur in order to cause suéh a
rapid shift in the north leg. The only other .ex._pl'anatiozx of th_é -.faiiuife','_tq_' -
_inﬁersect the leg would have been that the leg was somewhat to the east of '_ -
‘Boun{iful Pesk at the time Captain Fsy went out on it ami that he began his.
. procedure turn at a Péint south of Bountiful Peak so that he crashed as h.e. |
approached the leg at a lower sltifude than -thaf;-at which he had left it., - -'
._Thizs_ is .coz-:’aple‘h ely inconsistent with the evidence, however, because 1f thls
- pxjécednre_ had been followed, ke could not havé'éon_eawith‘in. s:everal:.ﬁiiés'_gi:i"g"'.::;:é;.:
the -vis_uél- signal of the Layton _nérker and the quash_w@ﬁld_rﬁave-_ dccgr:.re_;:l'.. a
's_efcrérral ninutes before 4:41 when Captain Fey last spoke tQ*-D'i'SPatﬁhﬁi’?EﬁSPﬁ.“- :
.The con'clusion that Captain Fey did ndtfollow an oﬁ'coﬁ:éé éignal away

. _from the station 1n his lst-down procedure. is. further sup“ortecl by the fact

. thet it would he extre":ely urluely for. a. rilot ‘as experlenccd as Czaptain
,_;F?Y in flying in the Salt Lake area, to have .failed to detect the nisalign—.
.ment of the rangs either by taking lﬁoP_bearinés or by ofbserv‘ing..hi_s cc;mpass;
:_:,,,heaéing. . In ad'ii‘_bion, 3.1; is exfremely d.oubtfﬁl that such a n—iiot would fly-r-i'“i
i’oz_' 2_ or 3 ‘nmutes directly toward the mountains after completing his tlmed. e
;-j_.tﬁr upless hls procedur° tura kad been ‘bagun. jn an "4 tmhght" area. rather_"_‘..

Kthan an on course szgnal
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Havmg concluded. that Cc.Ptaln Fey did rot follew an on churse s:l.gnal on

"‘-his way narthbound from the station, ph# question necessarily arises ‘as’ ta o

what proceiure he did. fo...low in malking the probable flight path alresady set

= -forth Before startmg to lst down, ke had been flying om the wegt }_eg',am_l'

_-'frc;m the eVJ.uen.ce it appears that he was at a point east of the alrrort-atf )

about 4: 26 arpa.rently Just.prior %o the %ine his descent .was begun. ~ He x_"e#-r-

E ported at 4:26 that d.ua_ to static- interference he eould mnot hear the raﬁge-

- In view of the fact that he mad¢ this raport near the range station, iit s

"-u.nllkely that ke would. have . experlenced sny relief from static in the :unmetil—
Jabe vicinity of 't-h_e station, particularly if he descended into the overcast

~at this peint. Th_‘aﬂt‘ the trip was still ‘experiencing heavy static after it

had. proceede&. ncrthward from the vicil.ity of Salt Lake .is indi&:at‘-ed. 'bjr. eni:rieg

__-ﬂn- ‘bhe radlo 1og of Umted's balt Liake-station which:stow that that stat:u.nn

'-‘;"-j-aalled Tnp }.6 at 43 31 4 32, and. 4733, but received no answer, A.t these

'-.:'%:'tiﬂes the axrplane m‘ust have -been less than 15 miles from thé statmn and

S therefore in ‘a location where a high f3eld strength existed, Also; e‘fldeﬂce

from the statioa log 1n§1mates that the ground station operator was not ex—-’

‘periencn»g statlc suff1c1ent to interfere with commumzcatlons and from ﬂ_"m

"_--_'flight recorder 1t appears that the transmitter aboard the airplane’ was nct:

*-:E}'-:used durmp- the nemod of. 4 31 to 4:33, nor within several’ mmutes of t-hesa

'Z.;'{"-tmes. _ Farthermcre, there is. every Teagon to belleve that since’ Gautam FEY

f_‘{-!a& attemptmg o 1and at Salt Laks" and would therefore desireall posSlble

-fi"alert fori'any call from ‘the Salt Lake station. It would appear from thes _
cc\nss,deratmas that the trlp Was erperiencmg heavy statlc from 4.__

'4_.;2'4‘33"&-1!1. ; Smca Cap‘z;am *ey could not hear the Tange statien, 1t 1" '7

"'tlon concernmg cond;ttions at the Salt Lake Almort he would he O-Ii the |




" 'tHat h8 began his “desceént to ‘the north without ;h:é:ﬁiﬁg"“ﬁééit‘:ifeiy"' fixed his

position With Fespect to the ‘station, He did not report 6ver the station
' prier to beginning his déscent and even though datic mighthave intérfered
" with such a Téport at the tinme he was actually over the station, in all proba-:

" bility, if hé had kiiown fron his radic sigpals that “hé had been over bthe

' gtatien; hé would Haveé Teported his time over at thé mext contact,

» ) : )
After déscending to the north from somewhere in the vicinity of the Salt -

" Liake station and Fesching an area in which the static “interference was Te~

it Qucéd, as ‘is indicdated by his 4:37 a.m. contact, the First siguals he was

- able to distinguish clearly were, in all probability, A" gignals which indi-—-f: '
© ‘cated to him that he'was to the west of the morth 16g and thus & substantial _.
- “distance frof ’%he:"moim_taiﬁi;;" Possibly thinking that he had gone’ fartﬁéf?: ; T
* into the MAM gusdrant thaihe had at firet suppoded; Captain Fey asswied
egétgi-lyﬁﬁeaaingg in an atbempt to intersect the north leg, so that st the
time the procedufe tirn wab startéd, his avérage Heading iv_i't‘iu; respectto +11e :
o Salt Léke"'fi'e;i_'ig.e‘statioﬁ kad béen 349 degrees ‘mégnéﬁic,' ¥Wher he i-'.eaéhé&_ $he
. proper altitude for $hé Beginning of his procedure turn, he was ﬁffb’ﬁébl‘y re-".,_i‘_'
-GEiﬁng'a;'"twilight A" signal which indicated to him that We was inclose
= prokinity to the leg,  After assuming t.ﬁe' reaiprocal héading as a partof _ his
- ““proeedure turn, he probably attributed the e;écéééi{ré Ieééth of timadur;.ng 7.
whlch e ‘maibtained this headitg to the fact that ""h_‘er had been farther over in ; ;-_:;:
*the WA quadrant wheuhe began Bis turn thas hé had amticipated. 1f the cir- 3- -
cﬂmstances prevailed as outlined above, the Compass reading would not 'h;aa-e, e

-<.given Captain Pey any indication that the range was functioning abmormally,
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t: . . I£,1t had been possible for Captain Fey to bake accurate loop bearmeﬁ-
- he certainly would have establlshed the fact thc,t h1s ‘oea.rl g fron the
S‘bation was, approxmately 349 degrees when, under tbe mrcumstarces as set
.. out_ above, he would have ex-pected to £ind hmself on a nearlng of 1ess than
_.§§_%__qegree_s; However. 1t is probable 'rmder those c1rcumstences that Gaptam
Fey did not t‘.ake_ be_e.ri__ng.e Gompany regu"atlons requlre pllots, whlle making
& let—-down«through 'proced;ure. at Salt Lake vltv to take loop bearmgs to
Y- check the alignment of the north leg“ mmedlately after "get tmg on com-se
an,cl estabLAhing a head.ing nertl*homd" d "at co“pletlon of procedure t-um
ko return to, sta-tion" Smce thls procedure is :*.emgned as & check on the |
ﬂignment of the north leg. and sinca Captaln F‘eg was mt flymg on. the nnrth
leg, he might not ‘Jhave ta:xen 1001:. bearzrgs Whlle in a quadrant but mght have

W "'t_sd tO Qo so until he haJ. esta‘bhshed himself on tbe north leg. Eowever,

PR even ;f he had a,ttempted to take loon bearings, there is a possﬂ)ll_

: gluegz‘_t "‘_\t.erre.in effects and the effects of static or turbulence. he Wés “na-g]—ﬁ
to ebtain a.ccurate bee.rings. Certa.xnly it would bave oeen diffxcult if m}t
impessible, for hin to have taken 1oop Dearlngs while in the vicimty Of the

| gtation 'because 11: is clear that he was encountermgheavy static t"lere; aﬂﬁ-

while ‘the Btatic was reducecl later, 11: is poss:l.b e that tne tu.r’nulence pre-

_é;.van.ling in that area would affect hls a.blllt,] to ta,z:e bear]_ngs. The weather

cond;ltions existmg near Salt Lake City while he was. atte:aptlng tc work hie -
let down procenwe were, euch that co..s:Ld.erable turbulence could, be exgected

Y Of the emabhgh&d procedura rreva.ously discussed and. of ‘he Poesr---

ol a:fadj'tﬁﬂmlance he ::llF“’lt reesonae..,y have. faj_led to deu Symine h1 5 PD ait

. themisalignmen$ »f the north leg of the Tange, t‘hrough .
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However, Captain Fey could have discovered the. nal functioning of the Salt
Lske radio range if he had refrained from beginning hils,}.ei’f_—_down pro,ce_dﬁr; |
unt11 he had 'd'ef'initely established his position with respect to the north
,lég. As is indiéated by his radio contacts, he w@s.ap:&.argntly, pr,eyegte_d. -.:t‘_rgn':_
1cloi'ng' tHis by the existence of static in ‘the ares sur-rounding'th'e' range'.. 7
"rstarlti‘on.' Unler thase circumstances, proper radio ran ?e tecn'uque wcmld .have |
requirét‘i him j;o dé'lay his descent vatil he coul.d locate the r*orth 1e.==' def-:t- |
_ nltely or that he proceed to ariother airport, : Horeover, aftcr havmg found .
.hlmsell r:)rth of the station and receiving an: "A“ signal, as he quoubtedly
was, Caﬁtéin'feﬁéhé&ld not- have econtinpued his descent while seeking the, porth
leg, Vﬁiit"'.sfid;bl&"hévé ciimbed $5 & sefe altitode snd definitely 1ocated--_him_seig,._ o
| with respect th that leg or, if it were impossilile to so locate himself, he |
,"'.should. havé gone t5 ‘ancther airport, | e

fhile Ceptain Pey was working his Let-down Hroce"ure he mlght ha.ve d.is—"' o

.'covered tne malfunctlanlng of the Salt Lake range by~ tu:umg 111 the Plymouth

ram*e. I7 this had been done, in all probability the nAl s_igga_;_, ,-.p;mcp_ he
'rwoulul ave réceived from the Plymouth .3.5‘3115;;8,. would have warned him"thgt.} he w;a,;s.'- -

" w'.ﬂi. to the east of ‘the normal on course signel of the.. Salt Lake "I‘Bﬁgﬁ, i'afrhér
t.hén'i'to-' the west as he must have thought, It aprears, Yowever, from testlmony

'at the hens mg, that this' practicﬁ is not- vresc*med and is not usuallY fol—

i"_lawad Dy pilvts I’a:clng let-down-—throu;sh procedures. "‘he on’.courss mgna.l of '.

the Plymoum rang, was sai& to be so- wide in: the. vzcm,ty of Salt Lake z:hat

[;-git claes nat’ r‘onstltute an - edequate check of the north 1eg of the Salt I.eke

range. Tl‘ls ig uxsdnu’htedly trie far s:nal}. misa.llgfsments, but.an extensive '.f---'i_fr*

Hsal-ignmem of the north 185, of the Salt Lace. ran.ge, suck as occurred an the
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s morm.r.g of Noverber 4, conld be discovered by checking. it against the sm_itﬁ'
'-lég‘ of thie Plyrouth Tenge.
- The relatlva alignments of the east leg of the Wendover range and the

".;i'?.'?west lei’ of the $alt Lake range sugzest ancther means by whlch Ceptam Fey -

1gh’e h : "etecte&- the abnornal functioning of the Salt Lake ranze, _.-ﬁ_.:;_ezf

“tension o hé on'course of the east leg of the Wendover range would place a o

-'.'i‘i’ight'-."%o—ilcming- this cotrse in the normel "' quadrant of the Selt Take -
' 1‘81%60 Assuming that the west ‘.I.egr of -the Salt Lake range swing south the .
' '.-."ex:tensxon of the esst leg.of the 1 end_ove:r range would nrobatly lead a fllght
'-':followmg it into ‘a-"twilight' A" area of the Salt Lake range instead of the _7 .
usuél"?!lﬁﬂ_;"'-_'smc'e thé éast leg of the Wendover range normally leads iﬁto a.n
-j*."'}'?“-" "qﬁad'rant-,-.-:it}' is ﬂr’obdble-that for .this reason the natural pra.cta.ce 1s fgr _
a flxght to g0 north before tunmg in the Salt Lake range in order to be msre 7:_
w z“early ORn Course, I-f*Gaﬁta-m Pey had done this, he r*ir‘lt well have thgught
-.-:}::as he tuned in the ‘Salt --iagu range, that he had proceeded. too far to the :
_-.__.__.nc.rﬁh.of.‘-.t.he cm churse - signal in seeking to intersect it and had,goge -i‘P-?"-?
© the rioma* "twilight A"signal. Therefore, he mey reasonably have bé-lf‘:"%e;rédr |
: -."_:V'that he hed I";_;ac._e a slight error rather than that the Salt Laice i‘aﬁge' Wasmls_
; 'ﬁi@ed‘ © To eorrect-this supposed srror, . Captain Fey night have r"ad.e a chaﬂgeﬂ
:‘-f.:'ia.n heuiing toward the south,: -desigred marely to result in an 1ntersectlen wlth |
1'.:__;73%11& west. lee close to fhe Salt Lake station, Such an actlon would explaln wi;y
he failed: ‘to dlscover the misdligiment of the west leg. |

B“arlnz the 4% nirutes Captain. -Fey was in. the vicinity of the. S'al-t' _Lake

f.'ﬂ':station prmr %o the tine he want out-on the north leg for his appraaﬂh i

:-is-ig -:ml"ikély that h“ was abtle, due to static cordltlous wh].ch are re,
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the radio log, to make any observations which would indicate to him the mig~
alignnent ¢f the 3alt Lake range.

A1l of the procedures followsd by Captain Fey while flying in the Salt
Iake area and his apparent failure to become at all suspicious of the Sal
Iaite range when its operation was decidedly abnornal, indicate génei'.ézlly a o
~eomplete confidence on his part inm the Tuncticning of the range."'T'hat he
probably proceeded into the station from the west in the "twilighf_-.&"'area*
‘rather than definitely locating the west leg; that he was willing to begin a '
“let-down procedure without definitely loeating the north leg and to_"coht inue
this procedure when he found himself in an "A" qusdrant; and that he was
willing to proceed for 3 uninutes directly t-oward the nountzing in search of -
the north lsg in hls procedure turn in fllcate his trust in the correct perfsor- g
'ma.tice of the radic range, . |

Captain Fey's confidence in tﬁe ranée was .also -appérénf-ly sha.’z:z;Ed; -'b?y. :' :
others, Most of the pilots who 'testifi-eci at the’ "earmg mdlcated. that uhey ;
relled 1"1p11c1tly on the radio range. When asked how. long -they would-maintain:'
& reciprocal heading in a procedure tﬁrn m seauch of the ncrth leg, they as‘—-'
seried that they would continue to seck the nerth leg unt:.l ‘they found 11; .
Comnany officials also indicated their 1‘81'131106 on the Tanre, ~During rnodern:.-_.-
zation they eotahllshed the urport locallzer, already descnbed with whlch |
. the pllOtS could momtor the north 1eg of tne range du':tng a let-down proce—-
r'dui’e.- In Septemx,er, 1940 when th1s }.ocallzer was removed at the rﬁqucst of
the United Stetes army, no attenpt was mac{e bo 1nstitute additional monltoring s
': proceuu:r:es to ccmpensate for the 1oss of thxs fac111ty. In adﬁltlon Mr. T

HOGESOWI; Wllé;ht Superv1sor, Western Operatmg Div:.sinn of United staﬁes that
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3 '_ t]é\ey.had_ instructed _@?_§patche;s to nonitor the rorth leg of the Salt _.Lake
renge from time to time during'thei'i; watches bul that recently that 1‘?}1?55.::.1;:'u::e,i
,:,haa, not been_fol}owed;religious_ly., ailpp.arer_;tly‘w-ith the tacit consent of thss;q
_supsrvising dispatching., In fact, .Dispatcher Hdson stated that he had ‘not |
'menitored the Selt Lake range al any time du:mg his watch, N
Du.ring his testi inony, -Mr. Hodgson indicated that this confldence :.n tha -

_,Salt I:ake Glty radio .range in. spite of its history of instability hac'i re-

o sulted in large part, from the recgipt of a letter, dated June 26, 1940 frns

_ the then Admlnistrator 1n tbe CiVi..L Aerongutics Authority as formerly const i-—
,}:uted. Thls __J:fet_ter was adiressed-to David L,. Behnck_e,;?res_ldeni; -of .the 4ir -

o ere Pilots .ﬂ.“-SDCIatlon and had been referred by him to Captain Chrlsténson '

-.__,:_Afapparent}.y ag a representatlve of the pilots operating into and out: of Salt

= Lake Clty. Thls 1ett°r described. & renort wh1ch had been made - short tme _

'."_.before on the. functlonlng of the ‘monitor station:on the north: course of the ,

Salt Lake range a.nd stated in part as follows. -

. LI We now have at hand, and have. analyzed, complete
'reccrds for the entire ronth of April i1949] which have been
‘taken at the Salt Lake station.by. automatic recorder supple— - .
‘mented by visuzl and sural observaticns made by the operatlng
staff : L : ) _

: "Brleﬂy, the records show that the maximun deviation from
‘the established alignment of thé monitored course for the ’zf)—day
.period was not in excess of 2,0 degrees, and that deviations of
this order were tranaztory an(i of short duration. It is con= .~
- 8ldered that the conditicns enccuntered during April are repre-.-.- :
¢ gentative of those which mey De expected tl"roughout the year,; -
. Furthernore, our experience with veriical radiator type ranges: -
in general shows that randem changes in gourse allgnmen’c of mcre
- than a degree or o is extremely Tare, S

A "In the deveicpmert of the radio range to its: present stat

of Efflﬁleﬂcsh a great deal of effort has been directed towarfi_
__.g__;desxgning Anherent - stabﬂ.lty dinto: the equipment,  This has bi
;'_'_successfully acconplzshed to the pomt that course sl*ifts do
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occur wher the course alignment itself is favorable, TUnder un-
favorable conditions when courses must be bent and squeezed to
gerve several alrwnvs, a certaln degres of 1ngtab111tf st be
introduced.”
Mr. Hodgsor also merntioned in this connection a letter, dated Febru- -
Ty 15, 1939, which had been received from the Buresu of Federal Ai:waysiunde;
the thien Adminigtrator in the Civil Aeronautics Authority. - It includes the
following statement:
. "We -appreciate your coopsration in substantiating our clain
that the new Salt Laks radio station is equally as usable as the
0ld station before moiernizatlon. - The monitoring of all of our .
radis stations is being cerrisd cut as efficiently as the relative
locations of ”QJ“lﬂ ng stptlﬁﬂs will permit. At Salt Lake we are
pariiciisviy foriunnie wiih respect to the north céurse which is
directcd on Piymcuth, Uheh, where as litile as 15 degree change in
cour s a¢1&nmcnt can be noted immediately and reported t» the Salt
. 'Lake station.?” . . _
. Mr. Hodgson testified that having been advised that the range.had fume—
' tiqﬁsd_with but slight deviation during the month ofJApriA,:194O; a#diﬁeiﬂgifiﬁ
aware of th: monitoring system which had been established for the Salt_Lskef'f_
City radio range, particularly the north leg, he_égd,his-aSSOGiateS,haﬁ con- -
. fldence in tke- rOﬂltO;l’“ systen and be’ie"ed that .in the event the range éld :
dgviaxe_from nortal aligoment, they wsuld te ipmeiiately adviged-pﬁ the devia--
tion tkrough monitor chservations,
While it appears from the record that United might_well havs had cause
-to mistrust the range_for some time after. its moldernization, névertheless,
beCanse of the establishrent of the monitoring S"ctwm, particularly that:prq-_f
~ vided for the north leg, and the COrrespondence set out above, United had’n¢  f

reason to mlstrust tuls radio range and its moﬂl oring gystem more than any

5;qtherlrapge at the tine of the accidezt.-



,"_*to kave disastrcus results,

~ii0 -

Absolute depandence should not be placed upon any radio ra.u.ge in the
.'Pl‘esent ste.te of the art of radm range transmissiom, partmula.rly in the -
| cﬂse 01‘ & range. located in-a-mountainous area where malfunctmn.mg is hkel,
_ ‘However, the let-down proce&ure prescnbe& ‘by
_United. and approved by the leil Aerorantics Ar}mlnlstration mdzcates an ap
preciat:r.on of these fﬂcts. ‘Un:r.ted was not requlred, in add:.tmn to the safl
-rgua.rds provicied in the- let-clown procedure to establlsh 1ts owWR system for
| '.monitaring the Salt Lake range. That responslblllty is one wh:ch m'ust he
_ asaumed. by t.he Civi}. Aeronautzcs Admm:n.strat:.on As an 1ne1d.ent to the ostab-
lishment and operation of the range. -

It also appears that many pilots, like the management. of United dzd nc

'é'r:-,.__‘_-especially distrust this range as an aid to air naugat:a.on. However confi-—

-jﬁ_*d,ence an the. part of’a pilot in a radic range is no excuse for danation, frc

establieheﬁ. Fadio range technlque which requires the use of al]. ava:tl-

. a.ble facili.ties. Safety of operation under condita_ons of 1low celling and.
: .visibllity when a radio range must be used depends upon all concemed Pal‘fﬂr
“: ing each and every duty with the greatest of care. This was not doz_z.e 'm;'-.‘t.he

‘_'fmorning of November 4, 1940
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COFCLUSION

PINDIEGS

Upon all of the evidence availabls to the Board at this time, we f.iz_id-__
that the probable facts relating to the accident involving aireraft NC 16086
which cccurred nesr Centerville, Utah, on Xovember 4, 1940, are 2s fcllqws::

(1) ‘The accident, which occurred st approximately 4:42 a.m., Novembér 4,_
‘1940, to Unitaed Air Lines Trip 16 of November 3, resultsd in major damsge to
aircraft IC 15065 and the death of the seven passengers ard the crew 'Vdf' th.rée.-,_.:

(2} © 4% the time of the accident United held a currently effectivé cer;
tificate of public converience mnd nedessily and an air carrier op‘erating'.ée_r-r '
iifia‘:ate bonzl%. it to confust the fligﬁt | : .

(8) ' Coptain Pey and Flrst Officer Sandegren were p‘lyszcally qualifled' i

and held proner certificates of ¢ mpeteﬁcy, to o“erate as air carner mlotsz'._.'
over ‘the ‘route between Oskland, San Francisco, and Salt Lake 4?.!1?.':@'.._.-'-w L
(4) Aircraft NG 16086 was currently certificeted as sirworthy &t the
trse of the sccidert snd had been maintainsd in-acéoréénée with cornnan}r*pro-
' qe_é.ure and applicable maintenance cmpete‘zcv letters, |
cwe o (B) 'T‘np 16 was clezred in nccoriance with the nror\'er"aroéeéufe':frbm'
Osxland, California, te Rens, Neveda, with stops at San Francisco andiSé.c'l_’;"a:f
-.z';:ento and fron Reno, - Novada, to Salt Lake City, Utah, hlth é,.stap at Elko,
5 :E:eva;_:ia. | | |
(6) At the time of defnaruure from oa.ccla:nd Californla, sz‘d 'tnrouéh all
,._'_'?iﬁte'rmedn ate stops batween Lalzland 'al‘d Salt Lake Clty, the grnss wezght of

'51“3 a*rplan“ did ot excesd the anproved gmss weight, and its Toad was:
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7.-':"'131'0per1y dlstmbuted with refcrence to the location of the ccnter of P‘I‘aﬂ.t‘f

- { '?) At the tire of departure fron Ilko, Nevads, for Salt Lake Clty,
_ Utah_.,--bhe airplane carried sufficient fuel to permit flight at nomal cruis_

1ng :D'éw_er to Salt Lake City, and thereafter for about five hours, thus naklng

a.vailable to Capbain Fey a choice between & number of alternate aimg_?fg
(8) Trip 16 first arrived over the Salt Lake radio range .statiqn;@“
3{49 and remained in that vicinity at an altitude of aD?rﬂximateiy 1 4’009 L
- fe?ti,until shortly after 4:26, when Captain Fey begen a 1e.t'5-0m~t'hrqu$§
QE_E,J_"JE?VQC& dure, | .
o {9y Durina the pericd Triv 16 omerated in the vicinity of Sslf Laﬁ:e ';

o .Citv; two-way radio comrmmnication between United's ground statien at 5315

Lake and the pilots of Trip 16 wes nade impossibtle for substantial 13"1'19'1 e

'_of time due ‘o severe static, and at times such static interfered with rec

i';;’tlfm foﬁf.raﬁi-o*range'sié:nals by the pilots of Trip 16,

(1{3) Durm,,, the permd Trm 16 oncrated in the vicirity of Salt Laxz
"",'_'City the weatber cr)nr.’.1+ir‘ns at the Salt Lake City nirnort were extrenely
variejbl;, with ceilmgs ranging fro'"a 400 feet to 2700 fest and v131b111tv

: '_;-ran;;int; from 5/8 of a mile tn 9. miles with light o nmcderate -anov.r':ﬂ_m_:;'_;;e_

andr wifqh vq.ma;ble northweste_rl_y surface winds ranging from 3 to 7 z"iles ‘per

hour. e

o (?13—) The waather eonditions exi sting at the Splt La.ce Dity alr':ort'

;_i'.descrinecl in F-m‘m“ (10), cfnnc,ly_uc‘ clo Bl‘w with those forecast 'by ﬂq

___“V_:Stat}es '*ieather “Pureau and Lulteq!s neteorﬂlof,a_st

:.:'(19) Shartlv aftﬂr ¥ 25, u{-arta_m Tay pracce led northward -from the

k _,'_ne_-,_ghborhoo*? of Salt I.ake City. and began his descent-
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(13) Ceptain Fey began hie descent during & period of time when, be-
cauée of heavy statlc, he #as unable to hear redic range gignals eng thus
without definicely *ocatlng his pesition with resgpect to the norﬂal-north,leg.
of the Salt Lake City radio range; and after he hed energed from the-areaiof :
severe static proceeded north receiving "AY or "§ twilight" signals.

{14) Ia so daoing, he failed to comply'with.wellaestablishEd rénge-pr04
cedures designed to permit the executien of let~u0ﬂnmtnrough proceanres with
maxi'r.'nm- safety. _

{15) Gaptain Fey began & standard pfacedure turn at a point which héaré'
approxm1dtely 249 ae grees uegnetic from the Salt Lq{e City station or 17 de—_
grees east of %he normal position of the narth leg of the Salt LakE'City
range. |

(16) He assuied his recinrocal heading at a poiat near Kaysv1lle, Utah ;i:
at whlch tlJG Le was recelvlng tiie v1saal inds cat;oﬁ of the Lay+on marker ami'
7 pfoceeded on that heaalng for not more than ‘three ninutes unt11 the azrplane
struck the s1dc of Bount1ful dountain. | |

(17} 4t tihe tine of iapact, Trip_l6 had fuel on board fdf:about fon;'
hoﬁrs‘of flight at nornal crﬁising poﬁer, more than sufficient'for the'triﬁ'
. b0 have returned tb Elko.

(18) Wo structural failure, ﬁechanical failure, 6r “Llfuncbloﬁlns of
any parb of th airpiane or its.eqﬁi.})ﬁer;t dccurréd prior to the i:'.pac.t.

(19) Burlnﬁ theg tlr Trip 18 wésidperatfng'i the viein 1tg of Salt Lnxﬁi.

Clty and for a sabstantlal period prlor tnereto, the - S&lt Lake radlo ran&e
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was -funct_i_on.iné. ahrnormally;; and,_ during thg ~erind betwe_en 4140 and 4:50, th’e, -
north ~esurss had swung so Tar ta the sast s to des troy 1ts ’Jsefu‘1ness for
.‘m:r*:l:ase &f 1*t-dow=ﬂ-t11rou,s~h nrocedure B o
(20} The malmctl“nim of the Snlt LaZe renge Tresulted from th Ae'ff.‘e-c'i‘.
O‘- atﬂzoswharzc esmditisns uron soms defective cnﬂporent of the Tenee eqult‘nent
. (21) Tha mom‘snrlng System provided by the Civil Aeronsutics Ad:"'lm.—
styetion i"’ detect any mﬁlfunctiom,ﬂ of the Salt Lrke range consists of_:.i%fi'vé .
3 ;-gffeifrers: one at Tintic, south of Selt Lake City; one at Wendover, “estof _
Selt Laxc _-cit:;: orne at Plymeutk, north of Salt Lake _lty, one in the soﬁ‘-al.z'-'-r
.west quadrant of the Sait Lake range at the 3alt Lake Co H”Ewlcatzons :uation-

R and one locatefi »n the "'crt leg o1 the Sa..t Lake rongs and Opermted Jy:_ref,' ,

o -_:motga conbral *’I‘on the S'*lt Lake "O“‘.mur*icgatlﬂns stzticn,

{22) f"he Clalt Leke Tadio range was nalfunetioning to such an extert

'_:qura.mr tz:se ea,rlJ *'xerning of ‘Er\vemer 4 104!‘, that the mepitoring Oﬂexamﬁ—
at 55’“—‘* La!{e Git Fl"’ outh, end intic notwithstanding internittent heav;?
: -Staylc cn'u.." By the exercise of rensnnable #iligence, have ‘etectedsuch '
. alfw:.ctionlrb ir time to have pern nittel the issusnce of = eer‘ero;l_ Warnmgr -

'}Jr* qr to the accident since the United ground statison was eble tn cﬂntact

] Carta,ln E‘ey A lat° as 4'41 2., ’

(23) ke, ~«a1functi nirg of the ‘*mt Lake City rance was not ietecte :

»f‘ir}nitoring nrara‘rors at Salt Lale Clty Plymouth, »nd ’i‘lntic,u!‘ti

f_ 5 éﬁ. Sﬁd 7203 nym, I.‘es‘f‘._actively-




) PROBATLE CAUSE L
On the hasns of the %oregoing fmdlngs of fact and npes all of the evi-

d.enae a-rallable at thls tnne e fmd that the probable cause of the a\.c:Ldenti
7 t.o airc'f'aft NG 16086 (United's Trlp 16) on November 4, 3.940 was the malﬁmc-—'
" bioning of {:he Sa.lt I.ake radio range and that substantlal contributmg fac-

-r.torf- to the accident were! | |

| (l) The fallure of the communications o'perators at Tmtic Ply'mouth and"
Salt Lake C:.ty, Utah. _whose duty it was to momtor the range to detect 1ts _
ma.lfunctlonlng and immedla.tely noizlfy those conceme;l, a‘ml o

| (2) The failure of the pimt of Trip 16 to follow to the fullest extent

established ra,dlo range technlque in aecoréance with the reqmrements of the _'
| procedure establl shed by United and. approved by the 01v11 Aeronautlcs Admmis;_.'-'

tratlon .

RECOMMERDATIONS o o
We present the following ﬁcanﬁmendatignf{ pertaining tosafetyln air
navigation with respect to most of which we understsnd th‘é-_ administrator of
Civil Aeronautics to have slready initisted actiom,

:Radio Range Tfansﬁisé-ioﬁ

T Ye .recommend that a s,tu&y ﬁe nade by'thé'f}_ivil. ;Aafonﬂaut.ics-ﬁdm_inistra—

rtio.n.-ﬂf- the components of the Salt Léka-c'ity. range inro.i‘der to déteminé the
“reason for‘ the démonstr‘atéeci effscts of particula;‘afmés-éheric-condit ions upoﬁ-':
“the ftmctlon;ﬁg ofthe rgnge, and that the knowledge ga,lned from such stud,y
.-'be used to improve the ste.bility of tha Salt Lake range ané. any' obher range

where similar conditions -enst
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Rad.:.o Raz;*e Iuonitor:.ng System

We recomend that a thorough study 'be mad.e "by the Civil Aeronaut.ies .&d— '

oL ,, _,

:“_mim.stratlon o:t‘ the existlng system for mon:.tormg radio ranges to the end

o _that any malfunctmning of a range will be inmedlately detected reportea
;and. the neceseary wa.rnmgs issued In conneetlon with this study, considera-
_ tion should be glven t‘.o the elimination of the present complete dependenee :

: _rupon aural momtormg ‘oy prov:Ldmg a su'be‘bant:.ally reliable visual indicator ,

for mon‘torinp' opera.tors. For example, automatic recorders 11ke the one pre-

L sently mstalled. in the Salt Lake Giw range station might be mstalled in

f

' co’mmun‘oations statlons in order that nom.toring operators could actually see

o

the ._ignal ratios being reoeived. The poselbllity of developmg an a.lttomatm

-'”?.7:_-_-d.evice whzch would give a clear and. iomediate warning of the malfunctioning :

:_of the range should also be considered The location of preseht monitorlng

'“’--;'ﬁatations should be atudied with a’ view to detemining whether the location of

'_"{‘:f: .Za, particular etation \uth respect to the on course signa.ls of the range mnni-.

' 'ff“"--j‘"tored 13 such’ as to pemit effective monitorlng._ For example, if a parf.ieu—

-

la.r monitor station is i‘a,r from ‘bhe on course signal of the Tange being mon1-

) -Z-:._,tored. and thus is unable o detect. substantml devistions in course aligmaent;

?it mlght be found ‘wiser %o relieve that station of its monitormg dut:.es and

;:f.__j?rj"_'}substi.ttte for it a Yemate receiver located near an on course. s1gnﬁl. Blmﬂa&'

-ﬁi:o_the Tremote monitor system established at Salt Lake City. ﬁoreover. the

n‘.‘feet 1“enees of aural monitorina might be improved if a careful’ inves*ig&-

'tion were maﬂe of the monitoring .equipnent installation and the mamael‘- '113' S

'_,wh:ch the monitoring oyeratore uge that equipraent
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G:Lv:l.l Aiﬂ'a.fs Com‘urlcatiods :"'lr,.a,{—’es
- We recommend tha,‘s the prccedures Low astaclls-.ed for the traming and.
periodic exam.natlon of c'wnmuna.catmns pﬂrsonncl ve renewed, mth tne obgec— v
tive of secu*' ng the ﬁa.xmum poss1b1a assurance t:lat such personnel 'ﬂll be
prme:rly qua._ufleﬂ. to ursaprtake and. perform e"flclent Ly the-heavy‘ r_esponsa.— .. y
bllltles u’m.m- are - i"nnosed upon: them Specifically,gwé’ suggest that the a,d.e-- >
B ,quacy of the train:mg procedure used in famlxarwing co._mmmat ions employees _
with thezr dutms ami I‘eS"\onSlDllltles shculc_ Ye re-examined, and’ that s“ecial |
efforts nade to make certa:.n that all such c*"p" o7e 65 are acszainted with the
pu‘actical ralat:.onr of thalr work to tna safetv of ajrcraft peratlon. -
We furti:ér recommend that eﬁ‘orts ’oe rer.=t«'e:1 to secure the necessary
, r,s;uthonty -an funds from f_pproprla*‘e "overm::en"al agencles to increa$e the
compensatlon of co':mmlcatlrns emp.i.oyees, to avcid the present excessive turnnj'f":‘{

- -OYEer among such employees and to mak& J.L possible ta secure and keen persennel =

7.'_:91‘ hlgh call‘cre
. 7 'U'ltra ngh Frequencv Raaio Rané“es
We recommend that the 1-,01'1: now. benm carried on by the Ghnl Aersnauncs '
:Ad:.:mistratlon of &evelopmg and servzce-—testing altra ‘"1gh frequenuy radio

7' ranges be hastened to the greatest eAtent possxble particularly with respect
to the determmation oi‘ the Va.lue of such r:,.nges in. mountaxnous terrain where , o

, adaquate recept:.on o*‘ rad,lo range sagnals zs especlally mpor'sant

Stand;dlzaoior of I.et-Down Proceaure
We recomend that the ciﬁl Aero“autias Admir;istmtmn standardiza the RPN
__flet-down procedures for ea»’l alrport authorizad for’ air carner operation to

'f'the enﬂ that guch procedure -Wwill De the same for all alreraft both civ:.l anﬁ.




~118 -,

military, tc the gre'vtest eztent p‘,rmitted bv var:ations m the 1uhereni'.

' characterlstlcs of the alrcraft cmp oyed. ana ‘thelr aqulpment

We further recommf-'and. that when thls is accornl*shed the Admnlstratﬁr

;of Clvil haran t'vcs s0 raﬂort t\, thw Bc.-aro. in er that we ma,; 1ssue the

aore

necessary “Teg J...EitlDl'lS T&n u;rmg tbe use o; Y ci* sta.nd.ard procedures.

&

T P Tt e N A SN

Appravc.l and Certification of Air Kavigation Atds ‘owned or opérated
' Ag enciﬁ oth t‘qa.n hhe ClVll Aarcnauhcs Admlnlstratlon -

We reca'"ﬂend ’c.

"bll:.ty of‘ in sPect:m&:, ratlﬂ_g,, and. Cel"tlflchtl’l? air navié;g.tlon alds no{:

"owned. or m\erated ‘hy that Adm1nlstrat1ﬂn, such as tne airpor* localizér at

'Salt La.ce ultJ, in srder thpt assurance mag be nad t.hat the qua}.lty of the
equlpﬂen ir s*e_._atlca, ;kamtenance ax:cl npnatlon of suc‘l fa0111t1es neeﬁ

- the h.lm.mum StdIld.a,I‘G.S recured oY ﬁe.fety o*‘ aircv-aft aperatmn.

| POSSIBLE REGULATORY ACTION

"‘he Civ:.l Ae*':ma,utlcs Bc:ard has in ltlatcd. a study o:f certain p?‘cvimons ,7
C‘f the CiVll Air RegLat.Lons in ord.er to d.etermlne whether there is need far

_ amendlng the presﬂnt regulatlc 18 or promulgatlnb new r°5‘ulat10ns by reason cf

'facts developed da:n“g the course of ocur 1nv9st1gat10n of thls accldent

7 . R?dl’}' Range RCCBrtlu}’l
': secmn 61. 7’?‘30 of the Cnnl Air Eegulations prov1des as. fonows.,

"51 7'?20 Gonmrlcatzuns fa".mre In the event of ina’mlity '
~ to maintain two—way communicatior with the approrriate communica~
tions station or in the evert thel the pilot does not receive. radm
. ‘range signals sufficient tc permit his maintzining =n insirugent
R '-'jflléht on course ('see sec, 60.36) to any point cleared to .or: other-*’ .
. wise specified in an aﬂprovad fllg\ht v;xl-«m, orne of tbe follow:.ng : :
e 't:procednras shall be o‘aseme 3 e
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"81,77200 (a) Contact Flight, The aireraft may proceed
rrovided that the flight may be made in accordance mth con-
‘tict flight rules as prov:xded for in sec. 60.4. -

61,77201 (b) Landing. Lapding shall be made ab the mearest
suitahle airport at wiich favorable weathsr conditiors exist and
vhers no airway htraffic control station is located.
"61,77202 (¢) Emergency procedure, In the event weather
conditions do not permit the procedures provided for in sectlon
“61,77200 or section .61,77201, the pilot shall procsed according
.. to his approved flight plsn, including any amending instructiocns
. “issued and acknowledged en route, with particular attention to :
~ maintaining his last acknowledged assigned altitude until the ap-
“proach time last suthorized for him, after which la.ndlng may be
- made, Normal traffic will resume as soon as the aircraft has =
" -landed or been accounted for, tut, in any event, is not more than
- 30 minutes after the approach time last authorized for the aircraft.®
While a literal reading of this regulation would appear to prchibit the
cont inuance of & let-down procedurs, é¢xcept under emergency-conditions, 'in th;g_"
event the.t reception of range sif:za.,..s bacames impassi"‘le hy Teagon of heavy
sta'clc. it is possxble that the regulation needs revision in o“der that such i
construction may be perfec*lv clear. T"xe Board. is stwmg the poss:bility
°f issr ng a new regulatlon or clarlfying the a.bove*-—quoted cne 80 AS aleaﬂy
t_O._' I?‘O-A’Olt. except under emergency'eonda.tlons:,' the contmuance af a 1et-—dawn e

procedure through instrument flying conditions whenever raﬁlo Tange receptlon.' :

| is such that the range s:tgnals cannot be recelved clearly and contlnnously

| DlS atc"a Proceuure , : - ;
7 Cons:.deratlon 1s bexng given to the promzlga ion of . a. regulati;:an which |
would authomze a dlspatcher in charge of a fl1ght to dlrect it to an alter«
nate ar take other 1nd1cated actmn in uhe event that hls Judgment 1eads lnm '
fto belleve that the flmht ¢arnot proceed with safety in. accordance with- 1ts

f:.__origlna}. clearance ‘This power of the dispatcher would be subject to V_the R
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_ authority which ig vested.im the ﬁﬂ&tf%o-- depéft from. 'regﬁié.iinib'h;fbr from cozr—

- E pahy pala.cy when ik hl& gu&gment ah emergency then- co:n:f‘mnf;:Ln.g> him requires

Le‘t-}}own-"‘hmugh Procedure
The Bqa.rd. is also glvmg consmera,tionk to the promulgation Qf a gencral
rregulatlon re(mirr:g pll{)ts dunng letﬂdown—-through procedures ta attempt to
' determme whether the rad.:m range legs they are usn-g are “roperly ahgned.
'_ by talnng ‘oearmgs on the stat:l.on eitner contmuously or at ’drlef intervals '
:';uurmg t‘qe executlon of suc‘z procedure and by tne use of an,,r other Mesns

avallaole to them
THE CIVIL AERONAUTICS BOAKD:

“Jof Barllee Branch
~ Harllge Branch, Chairmen

/s EBdward P, Warner
‘zdward- P, . Waryner, Vice-Chairman . .

_ /s[ Oswlu R ‘e
: OSWalcl Ryan HMember

/s/ G. Grent Masoa, Jr,
'G. urant iviason, gr,, Member
L GorgeP Baker_: N
'George P, Eaker, Membgr




0 PR
@Fﬂﬂ (= L
@ ELGAT Ol SO R )QE
@ BIGfT il COLLER € oML
(B oup eLADE FEOK LEFT FROoFiLLLR
B cur. BLATL TEcm RSST PEasRALER

G aprronmami *NT OF ConsALT A=
FULLLARE Ho S

@ SPRNG , W ATOR SRb Rl
FEOMm BELET AT e A

@ HER( BEUSH Aub BOVLDRE wiln
CALEED fomtnmve FhILURE  SF
Whih CENTRE SLeTiOh

A —

B

3

L 3

ll| l‘!l :

1 i

T

i -

L) AT

v P
Y

vREW A-h

ML DI pas FRLALLEL TD GREBR

SYETCH OF ALCICLNT To -
LAl MIKPLANS WIS eOBL -
NEAR - bALT LARE Cre¥, WPAN  WOvemsaR 4,384

Ty

. BEST MABCS OR LaIDRIS MM

VUt ROwE 1) GESuaD Hale BY
LA GEAR RT BOTTEW
D CMEIE UAZELE & A, o
Tl SASELE S LD Sat oF
TAan MR WD Ladra
Vel . .

SEOOVED NI BEIM WAGE BY

hatPmtt, LEAR AT PROmE IS

D PEAELED. S BN

L Gy PR




ONIWOAM

HVIN

SALT LAKE AREA . .

SHOWMG NORWAL PATTERN OF SALT (AKE

NG IBGEET . .3

RANGE AND THE PROBABLE: PATTERN AT ..
o TIME  OF ACGIDENT 1O - -




